Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


A   TEXT   BOOK 


OF 


PHYSIOLOGY 


M 


n?i 


/hi. 

A    TEXT    BOOK  ^ 


OF 


PHYSIOLOGY 


BY 


M.    FOSTER,    M.A.,    M.D.,    LL.D.,    F.RS., 

PB0PBB80B  OP  PHYSIOLOGY   IN  THl  UNIVKBSITY  OP  CAMBRIDOB, 
AND  PILLOW  OP  TRINITY  00LLB6K,  CAMBBIOOE. 


WITH  ILLUSTRATIONS. 


FIFTH   EDITION,   LARGELY   REVISED. 


PART  II.,   COMPRISING  BOOK   II. 

The  Tissues  of  Chemical  Action  with  their  respective  Mechanisms. 

Nvirition. 


MACMILLAN    AND    CO. 

AND  NEW  YORK. 
1889 

[The  Right  of  TrantlaHon  U  reserved,] 


•  •  • 


•  • 


•  • 


•  • 


•  •  • 

•  •  •  • 


(iDantbritige : 


PRINTED  BT  C.  J.  OLAT,  M.A.  AND  SONS, 
AT  THE  UNITBBSITT  PRESS. 


Firtt  Edition  1876.    Second  Edition  1877. 
Third  EdiHon  1879.     Fourth  Edition  1883. 
RepHnUd  1884,  1886.     Fifth  EdiHon,  1889. 


CONTENTS  OF  PAKT  11. 


BOOK  II. 

THE   TISSUES  OF  CHEMICAL  ACTION  WITH  THEIB  RESPECTIVE 

MECHANISMS.     NUTRITION. 


CHAPTER  I. 
The  Tissues  and  Mechanisms  of  Digestion. 

PAOI 

§  196.    Food-stuffs.    The  several  stages  of  Digestion 865 

SECTION  I. 

The  Characters  and  Properties  op  Saliva  and  Gastric  Juice. 

Saliva, 

§  197.    The  chemical  characters  of  saliva.    Mucin 357 

§  198.    The  properties  of  saliva.   The  action  of  saliva  on  starch.   Characters 

of  starch,  dextrins,  dextrose,  maltose 858 

§  199.    The  nature  of  the  amjlolytic  action  of  saliva.     The  amjlolytic 

ferment 861 

§  200.    The  characters  of  parotid,  submaxillary,  sublingual  and  mixed 

saliva 863 

Odstric  juice. 

§  201.    The  chemical  characters  of  gastric  juice 864 

§  202.    The  action  of  gastric  juice  on  proteids.    Artificial  gastric  juice. 
The  characters  of  the  more  important  proteid  bodies.  Formation 

of  acid-albumin 865 

%  203.    Peptone  and  albumose.    Parapeptone.    Classification  of  proteids    .        869 


vi  CONTENTS. 

§  204.    Ciroumstances  aileoting  gastrio  digestion ;  aciditj,  temperature 
§  205.    The  nature  of  the  action  of  gastrio  juice.    Pepsin 
§  206.    The  action  of  gastrio  juice  on  gelatine,  chondrin  &o. 
§  207.    The  action  of  gastric  juice  on  milk.     Curdling  of  milk.    Casein 
Bennin 


PAGE 

371 
373 
374 

374 


SECTION  II. 

The  Structure  op  the  Salivary  Glands,  the  Gastric  Mucous  Mem- 
brane, THE  PaNOREAS  and  THE  (ESOPHAGUS. 

§  208.    The  general  plan  of  structure  of  the  alimentary  canal ;  mucous,  sub- 
mucous, and  muscular  coats 377 

§  209.    The  general  nature  of  glands 379 

StractiMre  of  the  Stomach. 

§  210.  General  structure  of  the  stomach 380 

§211.  The  cardiac  glands 381 

§  212.  The  central  or  chief  cells.    The  parietal  or  ovoid  cells  383 

§  218.  The  connective  tissue  of  the  mucous  membrane        ....  384 

§214.  The  pyloric  glands 384 

The  Salivary  Olands, 

§  215.  The  general  structure  of  a  salivary  gland 385 

§  216.  The  characters  of  mucous  cells 387 

§  217.  The  structure  of  the  ducts 388 

§  218.  The  structure  of  albuminpus  salivary  glands 389 

§  219.  The  nervous  supply  of  the  salivary  glands 390 

The  Pancreas. 
§  220.    The  structure  of  the  pancreas 390 

The  (Esophagus. 

§  221.    The  general  plan  of  structure  of  the  oesophagus.     The  mucous  and 

submucous  coats 392 

§  222.    The  muscles  of  the  oesophagus 393 

§  228.    The  nervous  supply  of  the  oesophagus 394 

SECTION   III. 

The  Act  op  Secretion  op  Saliva  and  Gastric  Juice  and  the  Nervous 

Mechanisms  which  regulate  it. 

§  224.    The  evidences  of  the  existence  of  a  nervous  mechanism    .  395 

§  225.    The  nerves  of  the  submaxillary  gland 396 

§  226.    The  reflex  secretion  of  saliva  by  means  of  the  chorda  tympani 

nerve 896 


CONTENTS.  vii 

PAGE 

§  227.    The  nature  of  the  action  of  the  ohorda  tympani  nerve.    Influence 

ofatropin 898 

§  228.    The  effects  on  the  submaxillary  gland  of  stimulating  the  cervical 

sympathetic  nerve 401 

§  229.    The  nervous  mechanism  of  the  parotid  gland 401 

§  230.    The  general  features  of  the  secretion  of  gastric  juice  402 
§  231.    The  nervous  supply  of  the  stomach.    The  action  of  the  nerves 

obscure 402 

§  232.    The  influence  of  the  absorption  of  food  in  promoting  secretion  404 

The  changes  in  a  gland  constituting  the  act  of  searetion, 

§  233.    The  appearances  presented  by  the  pancreas  during  secretion ;  the 

histological  changes 404 

§  234.    The  changes  in  an  albuminous  gland  during  secretion  407 

§  235.    The  changes  in  a  mucous  gland  during  secretion     ....  408 

§  236.    The  changes  in  the  central  cells  of  the  stomach  during  secretion  411 

§  237.    The  general  nature  of  secretion.    Loading  and  discharge  413 
§  238.    The  formation  of  the  ferment;  zymogen,  trypsin  and  tiypsinogen, 

pepsin  and  pepsinogen 418 

§239.    The  nature  of  the  act  of  secretion  itself.  The  flow  of  fluid.  *Seezetoiy* 

and  'trophic'  fibres 416 

§  240.    The  functions  of  the  epithelium  of  the  ducts 418 

§  241.    The  formation  of  the  free  add  of  gastric  juice 418 

§242.     *'Peptogenou8''food 419 

§  243.    Why  the  stomach  does  not  digest  itself 419 


SECTION   IV. 
The  Properties  and  Charactsbs  of  Bile,  Pancreatic  Juice 

AND  SUCCUS  EnTBRICUS. 

BUe. 

§244.  The  characters  of  Bile 421 

§  245.  The  pigments  of  Bile.    Bilirubin 423 

§246.  The  bile  salts;  glycocholic  and  taurocholic  acids      ....  428 

§  247.  The  action  of  bile  on  food 424 

Pancreatic  juice, 

§  248.    The  characters  of  pancreatic  juice 425 

§249.    The  action  of  pancreatic  juice  on  proteids;  leucin,  tyrosin.    Its 

action  on  fats  and  on  starch 426 

Succus  Entericus. 

§  250.    Nature  and  action  of  succus  entericus 430 

1 351.    GaU  stones 431 


viii  CONTENTS. 

SECTION  V. 
The  Secretion  op  Pancreatic  Juice  and  of  Bile. 

PAGE 

§  252.    The  secretion  of  panoreatio  juice 432 

§  252*.  The  discharge  of  and  the  secretion  of  bile 434 

§  253.    The  vascular  conditions  of  the  liver  and  their  relations  to  the 
secretion  of  bile.      The  influence  of   absorbed    products  of 

digestion 436 

§  254.    The  vaso-motor  changes  of  the  alimentary  canal  in  relation  to  the 

presence  of  food 438 

§  255.    The  pressure  at  which  bile  is  secreted 439 

§256.    The  resorption  of  bQe 439 

SECTION  VI. 
The  Structure  of  the  Intestines. 

The  SmaU  Intestine. 

§  257.    The  general  plan  of  structure  of  the  intestine 441 

§  258.    The  general  structure  of   the  mucous  membrane  of   the    small 

intestine 441 

§  259.    Betiform  and  adenoid  tissue 442 

§260.    The  Villi.     The  columnar  epithelium 445 

§261.    The  goblet  ceUs  of  the  villi 446 

§  262.    The  structure  of  the  bodj  of  a  villus 447 

§  263.    The  crypts  or  glands  of  Lieberkiihn 448 

§264.    The  glands  of  Brunner 450 

The  Large  LUestine. 

§  265.    The  special  features  of  the  large  intestine 450 

§  266.    The  structure  of  the  rectum 451 

SECTION  VII. 

The  Muscular  Mechanisms  of  Digestion. 

§267.    Mastication 452 

§  268.    Deglutition ;  its  phases,  nature  and  nervous  mechanism  452 

269.  The  nature  of  peristaltic  movements 455 

270.  The  movements  of  the  oesophagus 457 

271.  The  movements  of  the  stomach -^58 

272.  Vomiting ^^ 

278.    The  movements  of  the  small  intestine 462 

§  274.    The  movements  of  the  large  intestine ^^62 

§275.    Defaecation ^^ 

§  276.    The  nervous  mechanisms  of  gastric  and  intestinal  movements.   The 

special  movements  of  the  rectum "^64 

§  277.    Influences  bearing  on  peristaltic  movements 468 


CONTENTS. 


IX 


SECTION  VIII. 
The  changes  which  the  Food  undergoes  in  the  Alimentary  Canal. 

PAGE 

§  278.    The  changes  in  the  month 470 

The  changes  in  the  Sto^nach. 

§279.    The  ohanges  in  the  stomach.     Chyme.     Absorption   from   the 

stomach.    Flatnlence 471 

In  the  Small  Intestine, 

§  280.    The  changes  in  the  small  intestine.    Action  of  bile  and  pancreatic 

juice 478 

§  281.    Influence  of  bile  on  peptic  digestion 475 

§  282.    The  action  of  micro-organisms  in  the  alimentary  canal.    Indol  &c.  477 

In  the  Large  Intestine. 
§  283.    The  changes  in  the  large  intestine.    Digestion  of  cellulose  478 

The  Fatces. 
§  284.    The  nature  and  constituents  of  the  Faces 479 

SECTION  IX. 

The  Lacteals  and  the  Lymphatic  System. 

§  285.  The  general  arrangement  of  the  lymphatics 481 

§  286.  The  structure  of  lymphatic  vessels 482 

§287.  Lymph-capillaries 488 

§  288.  Lymph-spaces  and  their  connection  with  the  lymph-capillaries  4^ 

§  289.  The  serous  cavities 487 

7%«  structure  of  Lymphatic  Glands. 

§290.    The  structure  of  solitary  follicles 489 

§  291.    The  structure  of  Peyer*s  patches 491 

§  292.    The  structure  of  a  Lymphatic  Gland 492 

§  293.    The  multiplication  of  leucocytes  in  the  gland  substance  of  lymphatic 

glands ;  lymph-knots 494 

SECTION  X. 

The  Nature  and  Movements  of  Lymph  (including  Chyle). 
§  294.    Movements  of  lymph  continually  going  on  in  the  living  body  .  496 

The  characters  of  Lymph. 

§  295.    The  miorosoopical  characters  of  lymph 497 

§  296.    The  chemical  composition  of  lymph 498 

§  297.    The  changes  taking  place  in  lymph  during  its  passage  498 

F.  i 


X  CONTENTS. 

PAGE 

§  298.    The  ohemioal  ohaxaoters  of  serous  fluids 499 

§299.    The  characters  of  chyle 499 

The  moveme}its  of  Lymph. 

§  800.    The  causes  which  maintain  the  flow  of  lymph 500 

§  801.    The  influence  of  the  nervous  system  on  the  flow  of  lymph  502 
§  802.    The  phenomena  of  transudation.     The  relation  of  transudation  to 

filtration  and  diffusion 503 

§  803.    (Edema  or  dropsy ;  its  causes 507 

§  804.    The  structure  and  functions  of  lymph-hearts 509 

SECTION   XI. 

Absorption  from  the  Alimentary  Canal. 

§  805.    The  main  products  of  digestion,  and  the  two  paths  of  absorption 

open  for  them 511 

The  Course  taken  by  the  several  Products  of  Digestion, 

§806.    The  course  taten  by  the  fats 512 

§  307.    The  course  taken  by  water  and  salts 513 

§  808.    The  course  taken  by  sugar 513 

§  809.    The  course  taken  by  proteids 514 

The  mechanism  of  absorption. 

§  810.    The  mechanism  of  the  al^sorption  of  the  fats 516 

§  811.  ^  The  pumping  action  of  the  villi 519 

§  312.    The  mechanism  of  the  absorption  of  diffusible  substances  and  of 
water.    Relations  of  the  process  to  diffusion.    Action  of  the 

cells 520 

§  818.    The  two  stages  of  the  act  of  absorption;  their  nature  524 


CHAPTER  II. 
Respiration. 

SECTION  I. 
The  Structure  of  the  Lungs  and  the  Bronchial  Passages. 

§  814.    The  function  of  the  lungs  chiefly  mechanical 526 

§  815^.    The  structure  of  the  lung  of  the  newt 527 

§  816.    The  structure  of  the  lung  of  the  frog 528 

§  817.    The  general  structure  of  the  mammalian  lung :  bronchia,  bronchioles, 

infundibula  and  alveoli 529 

§  818.    The  structure  of  an  infundibulum 530 

§  319.    The  structure  of  the  trachea  and  bronchi 530 

§  820.    The  structure  of  the  bronchia  and  bronchioles  ....  532 

§821.    The  structure  of  the  alveoli 532 

§322.    The  lymphatics  of  the  lungs 588 

§828.    The  nerves  of  the  lungs 534 


CONTENTS. 


XI 


SECTION  II. 
The  MEcuANicd  of  Pulmonary  Respibation. 


PAGE 


§  324.    The  entrance  and  exit  of  air  into  and  from  the  lungs;   tidal  and 

stationary  air 535 

J  325.    Complemental,  reserve  or  supplemental  and  residual  air.    Results  of 

an  opening  into  the  pleural  chamber 536 

§  326.    The  lungs  before  birth  and  the  changes  at  birth        ....  537 

§  327.    The  pressure  exerted  in  breathing  and  the  quantity  of  air  moved  587 

§  328.    The  graphic  records  of  the  respiratory  movements;  pneumatograph  538 

§  329.    The  curve  of  respiratory  movements 542 

Tfve  Respiratory  JfavemetUs. 

§  330.    The  visible  movements 548 

<$  331.    The  movements  of  inspiration.     The  movements  of  the  diaphragm  .  543 

§  332.     The  elevation  of  the  ribs 544 

%  333.    The  muscles  which  move  the  ribs 545 

§  334.    The  muscles  of  laboured  inspiration 546 

§  .335.    Expiration.     The  expiratory  muscles 547 

^  336.    Facial  and  laryngeal  respiration 548 


SECTION   III. 

The  Changes  op  the  Air  in  Respiration. 

%  337.    The  changes  in  temperature 550 

j|  338.    The  aqueous  vapour  in  expiration 550 

§  339.    The  gaseous  changes 550 

$  340.    The  diminution  in  volume 551 

§341.    The  organic  impurities  in  expired  air 552 


SECTION   IV. 

The  Respiratory  Changes  in  the  Blood. 
g  342.    The  gases  of  arterial  and  venous  blood.    The  mercurial  gas  pump  .        553 

The  Iiel<itio)is  of  Oxygen  in  the  BloOiL 

%  343.  The  absorption  of  oxygen  by  blood  is  not  according  to  *  the  law  of 

pressures* 

%  344.  The  characters  of  hcemoglobin  .... 

j|  345.  The  spectroscopic  features  of  hflumoglobin 

%  346.  The  spectroscopic  features  of  reduced  haamoglobin 

§  347.  The  oxygenation  and  reduction  of  hemoglobin 

§  348.  The  colour  of  venous  and  arterial  blood    . 

j^  349.  Carbonic-oxide-hfemoglobiu       .... 


.".57 

:>.5y 

560 
563 
564 
565 
566 


6  2 


xii  CONTENTS. 

Products  of  the  Decompontto7i  of  ffcemoglobin. 

PAGE 

§  850.    Hiemoglobin  splits  up  into  haematin  and  a  proteid    ....        56T 
§851.    The  features  of  haematin.    Hsmin.    Methsemoglobin  568 

The  relcUions  of  the  Carbonic  Acid  in  the  Blood, 
§  852.    The  carbonic  acid  of  the  blood  not  simply  absorbed  ....        570* 

The  relations  of  the  Nitroge^i  in  the  Blood. 
§  858.    The  nitrogen  simply  absorbed 571 

SECTION  V. 

Thb  Respiratory  Changes  in  the  Lungs. 

§  854.  The  relations  of  the  oxygen  of  the  blood  to  pressure.  Association 
of   oxygen    with,  and  dissociation  from   haemoglobin.      The 

problem  stated  . 572. 

§  855.    The  experimental  evidence 574 

§  856.    The  relations  of  the  oxygen  in  laboured  breathing  and  asphyxia  575 

The  Exit  of  Carbonic  Acid, 

§  857.    The  exit  of  carbonic  acid  determined  by  the  partial  pressure  in  the 

pulmonary  alveoli 575 

SECTION  VI. 

The  Respiratory  Changes  in  the  Tissues. 

§  858.    The  oxidations  of  the  body  take  place  mainly  in  the  tissues  and  not 

in  the  circulating  blood.    The  respiration  of  muscle  .        .  578- 

§  859.    The  respiration  of  other  tissues.     The  taking  in  of  oxygen  separate 

from  the  giving  out  of  carbonic  acid 580 

§  860.    A  summary  of  respiration  in  its  chemical  aspects      ....         582^ 

SECTION  VII. 

The  Nervous  Mechanism  of  Respiration. 

§  861.    Respiration  an  involuntary  act.  The  efferent  nerves,  the  respiratory 

centre 584 

§  862.    The  complex  nature  of  the  medullaiy  respiratory  centre ;  the  sub- 

sidiaiy  spinal  mechanisms 585 

§  868.    The  action  of  the  centre  automatic 586 

§  864.    The  centre  influenced  by  afferent  impulses.    The  respiratory  action 

of  the  vagus  nerve.     Inhibitory  and  augmentor  effects  587 

§  865.  The  double  action  of  the  centre,  inspiratoiy  and  expiratory.  Antag- 
onism between  the  two 591 


CONTENTS.  xiii 

PAGE 

J  366.    The  efifects  of  inflation  and  suction.    Doable  action  of  the  vagus 

fibres.     Self-regulating  mechanism 592 

§  367.    The  nature  of  the  action  of  the  centre 596 

§  368.    The  influence  on  the  respiratory  centre  of  various  afferent  impulses .  596 

%  369.  The  respiratory  centre  composed  of  two  lateral  halves  .  598 
§  370.    The  respiratory  centre  influenced  by  the  condition  *of  the  blood 

brought  to  it  Eupnoea,  Hyperpnoea  and  Dyspnoea  .  .  .  598 
^  371.    The  direct  character  of  these  influences.    Effects  of  heat  on  the 

respiratory  centre 599 

§  372.    The  relative  shares  taken  by  deficiency  of  oxygen  and  excess  of 

carbonic  acid  in  the  above  influences 600 

%  373.    Changes  in  the  blood  other  than  differences  in  the  gases  influence 

the  respiratory  effect.     The  effects  of  muscular  exercise     .        .  602 

§  374.    The  phenomena  and  causes  of  apnoea 603 

I  375.    Secondary  respiratoiy  rhythm.    The  Cheyne-Stokes  respiration      .  605 


SECTION  VIII. 

The  Effects  of  Changes  in  the  Composition  and  Pressure 

OF  the  Air  breathed. 


§  376.  The  phenomena  of  asphyxia 

§  377.  The  effects  of  breathing  oxygen 

J  378.  The  effects  on  respiration  of  breathing  various  foreign  gases 

§  379.  The  effects  of  a  diminution  of  pressure  in  the  air  breathed 

J  380.  The  effects  of  an  increase  of  atmospheric  pressure    . 


606 
609 
609 
610 
611 


SECTION  IX. 

The  Relations  of  the  Respiratory  System  to  the  Vascular 

and  other  systems. 

%  381.    The  respiratory  movements  influence  the  circulation.  The  respiratory 

undulations  of  the  blood-pressure  curve 613 

g  382.  The  effects  of  the  expansion  of  the  thorax  and  its  return  on  the 
flow  of  blood  to  and  from  the  heart  and  so  on  the  blood- 
pressure      615 

%  883.    The  effects  of  the  expansion  and  return  of  the  thorax  on  the  flow  of 

blood  through  the  lungs 618 

4  384.    The  effects  on  the  circulation  of  artificial  respiration        .        .  619 

4  385.    An  action  of  the  cardio-inhibitory  centre  synchronous  with  that  of 

the  respiratoiy  centre 620 

I  386.    The  effects  of  impeded  respiration  on  the  action  of  the  heart   .  621 

I  387.    The  effects  of  impeded  respiration  on  the  circulation  in  general. 

Traube-Hering  curves 622 

I  388.    The  circulation  in  asphyxia 624 

%  889.    The  effects  on  respiration  of  changes  in  the  circulation  through  the 

respiratoiy  centre  and  through  the  lungs 626 

Jl  390.    The  effects  of  exercise  on  respiration 627 


xiv  CONTENTS. 

SECTION  X. 
Modified  Respiratory  Movements. 

PAGE 

§  391.    Sighing,  Yawning,  Hiccough,  Sobbing,  Coughing,  Sneezinc:,  Laugh- 
ing and  Crying 030 


CHAPTER   III. 

The  Elimination  op  Waste  Products. 
§  392.    The  chief  waste  products  and  their  channels  of  exit ....        6:^*2 

SECTION    I. 

The  Structure  of  the  Kidney. 

§  893.    The  general  structure  of  the  kidney 034 

§  394.  The  general  features  and  arrangement  of  the  tubuli  uriniferi  .  .  080 
§  395.    The  structure  of  the  Malpighian  capsule  and  tlie  special  characters 

of  a  tubulns  uriniferus  in  the  several  parts  of  its  course  .  .  031) 
§  396.    The  meaning  of  these  characters,  and  the  structure  of  the  tubulus 

uriniferus  in  the  amphibia 048 

§  397.    The  vascular  arrangements  of  the  kidney 644 

§398.    The  connective  tissue  stroma  of  the  kidney 010 

§  399.    The  nerves  of  the  kidney 04(> 

SECTION   II. 

The  Composition  and  Characters  of  Urine. 

§  400.  The  general  characters  of  urine 04S 

§  401.  The  normal  organic  constituents  of  urine 040 

§  402.  The  inorganic  salts 050 

§  403.  The  non-nitrogenous  constituents  of  the  urine 051 

§  404.  The  pigments  of  the  urine 0.51 

§  405.  Ferments  and  other  bodies  present  in  uriue 052 

§  406.  The  relative  quantities  of  the  more  important  constituents  of  urine .  058 

§407.  The  acidity  of  urine 054 

§  408.  The  abnormal  constituents  of  urine 054 

SECTION    III. 

The  Secretion  of  Urink. 

§  409.    The  double  nature  of  urinary-  secretion 050 

§  410.    The  vaso-motor  mechanisms  of  the  kidney.     The  ixnial  oncometer 

and  oncograph 657 


CONTENTS. 


XV 


PAGE 

§  411.    The  relation  of  the  flow  of  Uood  through  the  kidney  to  variations  in 

blood-pressore  and  to  vaso-motor  changes  in  general  660 

§  412.    The  yaso-eonstrictor  nerves  of  the  kidney 662 

§  418.    The  vaso-dilator  nerves  of  the  kidney 668 

§  414.    The  influenoe  on  the  renal  circulation  of  chemical  substances  in  the 

blood 664 

§  415.    The  connection  between  changes  in  the  renal  circulation  and  the 

secretion  of  urine 664 

Secretion  by  the  Renal  Epithelium, 

§  416.    The  evidence  of  the  secretory  activity  of  the  epithelium.    Ex- 
periments on  amphibia.    The  results  of  injecting  sulphindigo- 

tate  of  sodium 665 

§417.    The  nature  of  glomerular  secretion;  its  relation  to  filtration  and 

difihision.    Albuminous  urine 668 

§  418.    The  nature  of  the  work  of  the  epithelium  as  regards  the  secretion  of 

urea 671 

§  419.    The  formation  of  hippuric  acid 672 

§  420.    The  relations  of  the  secretory  activity  of  the  kidney  to  the  secretory 

activity  of  the  skin 674 

§  421.    The  relations  of  the  secretion  of  urine  to  food  and  drink  .  675 

§422.    Diuretics '.676 

§  423.    Direct  action  of  the  nervous  system  on  the  kidney    ....        677 


SECTION   IV. 
The  Discharge  of  Urine. 


§424. 

§425. 
§426. 


The  structure  of  the  ureter 
The  structure  of  the  bladder 
The  movements  of  the  ureter 


Micturition, 


§  427.    The  muscles  of  the  bladder,  their  action,  the  nerves  governing  them 

the  sphincter  vesicsB 

§  428.    The  varying  tone  of  the  bladder 

§  429.    The  general  nervous  mechanism  of  micturition 

§  430.    Involuntary  and  voluntary  micturition 

§  431.    Changes  of  the  urine  during  its  stay  in  the  bladder 


678 
679 
679 


680 
682 
682 
684 
685 


SECTION  V. 

The  Structure  op  the  Skin. 

§  432.    The  general  structure  of  the  skin.    The  features  of  the  dermis  686 
§438.    The  structure  of  the  epidermis;  the  Malpighian  and  the  homy 

layer 687 

§  434.     The  stratum  granulosum  and  stratum  luoidum        ....  688 

§  435.    The  characters  and  genesis  of  the  cells  of  the  homy  layer ;  keratin  .  689 

§436.    The  sweat  glands 690 

§  436.    The  sebaceous  glands.    The  structure  of  hairs 691 


xvi  CONTENTS. 

SECTION  VI. 
The  Nature  and  Amount  of  Perspiration. 


PAGE 


§488.    Sensible  and  insensible  perspiration.  The  characters  and  constituents 

of  sweat 694 

Cutaneous  Respiration. 

§  439.    The  nature  and  amount  of  cutaneous  respiration.    The  effects  of 

varnishing  the  skin 696 

§440.    Absorption  by  the  skin 697 

SECTION  VII. 

The  Mechanism  of  the  Secretion  of  Sweat. 

§  441.    The  relation  of  sweating  to  vascular  changes.  The  nervous  mechanism 

of  the  sweat-glands 699 

§  442.    The  sweat-nerves,  their  origin  and  course 701 

§  448.    Inhibitory  sweat-nerves 702 


CHAPTER   IV. 

The  Metabouc  Processes  of  the  Body. 
1 444.    The  general  characters  of  the  metabolism  of  the  body  708 

SECTION   I. 

The  Structure  of  the  Liver. 

§  445.    The  general  structure  of  the  liver 705 

§  446.    The  structure  of  a  lobule  of  a  liver 706 

§  447.  Glisson*8  capsule ;  the  terminations  of  the  hepatic  arteiy  707 

§  448.    The  structure  of  the  bile  ducts 708 

§  449.    The  structure  of  the  hepatic  cells.    Glycogen 708 

§  450.  The  arrangement  of  the  cells.    The  bile  capillaries  ....  709 

§  451.  The  structure  of  the  liver  of  the  Frog        ....                .711 

§452.    The  lymphatics  of  the  liver 712 

SECTION   II. 

The  History  of  Olycoosn. 

§  458.    The  characters  of  glycogen 714 

§  454.  The  conversion  of  glycogen  into  sugar  by  the  liver  ....  715 
§  455.    The  influence  of  various  foods  in  storing  up  glycogen.    The  storage 

of  glycogen  in  the  winter  frog 716 

§  456.  The  detailed  characters  of  the  hepatic  cells  in  the  frog  .  719 
§  457.    The  histological  changes  induced  by  food  and  circumstances  in  the 

hepatic  cells  of  the  frog 720 


CONTENTS. 


xvu 


PAGE 

%  458.    The  oorresponding  changes  in  the  mammal 720 

I  459.    The  nature  and  meaning  of  these  changes 721 

§  460.    Views  as  to  the  manner  in  which  glycogen  is  stored  in  the  hepatic 

cells.    By  simple  dehydration  of  sogar 722 

%  461.    The  glycogen  formed  by  a  product  of  the  metabolism  of  the  hepatic 

cells.    Comparison  of  the  two  views 723 

§  462.    The  uses  of  glycogen.    The  formation  of  fat  as  a  store  of  carbon- 
holding  material         725 

§  463.    Glycogen  in  muscle 728 

§  464.    Glycogen  in  the  placenta  and  in  various  tissues        ....  729 

Diabetes, 

§465.    Artificial  diabetes 780 

§466.    The  nerves  of  the  liver 731 

§  467.    The  nervous  mechanism  of  the  diabetic  puncture      ....  781 
§  468.    Temporaiy  diabetes  from  the  use  of  drugs.    Natural  diabetes.    The 

diminution  of  hepatic  glycogen  by  arsenic  and  other  agents      .  782 

SECTION   III. 
The  Spleen. 

§  469.    The  general  structure  of  the  spleen 785 

§  470.    The  reticulum  of  the  spleen 736 

I  471.    The  blood  vessels  of  the  spleen  and  their  relation  to  the  reticulum  .  737 

§  472.    The  lymphatics  of  the  spleen.    The  Malpighian  corpuscles  738 

§473.    The  nerves  of  the  spleen 789 

§  474.    The  spleen  pulp ;  the  white  and  red  coipusdes.  Changes  undergone 

by  the  latter 789 

§  475.    The  movements  of  the  spleen.    The  spleen  curve     ....  740 

I  476.    The  chemical  constituents  of  the  spleen 742 

SECTION   IV. 

The  Formation  op  the  Constituents  op  Bile. 

§  477.    The  formation  of  bilirubin  from  hiemoglobin 744 

§  478.    The  nature  of  and  preparations  towards  this  formation    .  746 

§479.    The  formation  of  bile  acids 747 

§  480.    The  relations  of  the  secretion  of  bilirubin  to  the  secretion  of  bile 

adds 748 

I  481.    The  relation  of  the  secretion  of  bile  to  the  formation  of  glycogen  749 


SECTION  V. 
On  Urea  and  on  Nitrogenous  Metabolism  in  general. 

I  482.  Urea  the  end-product  of  the  metabolism  of  proteid  matter 

§  483.  Urea  probably  the  result  of  a  series  of  changes 

I  484.  The  kreatin  of  muscle  in  its  relations  to  urea    .... 

I  485.  Difficulties  presented  by  the  normal  presence  of  kreatin  in  urine 

§  486.  The  nitrogenous  metabolism  of  the  nervous  tissues  . 


750 
751 
751 
752 
753 


xviii  CONTENTS. 

PAGE 

§  487.    The  nitrogenoas  metabolism    of  the  glandular  stmotares.     The 

increase  of  urea  due  directly  to  food 754 

§  488.    The  formation  of  area  in  the  liver 755 

§489.    The  synthesis  of  urea 756 

§490.    Uric  acid 757 

§  491.    Other  nitrogenous  crystalline  bodies  snch  as  zanthin  &c.  758 

§  492.    Belations  of  urea  to  cyanogen  compounds 759 

§  498.    A  summary  of  nitrogenous  metabolism 759 

SECTION  VI. 

On  some  Structures  and  Processes  of  an  obscure  Nature. 

494.  The  structure  of  the  thyroid  body 761 

495.  The  functions  of  the  thyroid  body 763 

496.  The  pituitary  body 764 

497.  The  structure  of  the  suprarenal  bodies 765 

§  498.    The  chemical  constituents  of  the  suprarenal  bodies  ....  766 

§  499.    The  functions  of  the  suprarenal  bodies 766 

§600.    The  structure  of  the  thymus 767 

§  501.    The  nature  and  functions  of  the  thymus 768 

SECTION  VII. 

The  History  op  Fat.    Adipose  Tissue. 

§  502.    Adipose  tissue ;  its  changes 769 

§  503.    The  structure  of  adipose  tissue 769 

§  504.    The  disappearance  of  fat  from  adipose  tissue    ...  771 

§505.    The  nature  of  fat  in  adipose  tissue 772 

§506.    Fat  is  formed  in  the  body 772 

§  507.    Formation  of  fat  from  carbohydrates  and  from  proteids    .  773 

§  508.    Limits  to  the  construction  of  fat 775 

SECTION  VIII. 

The  Mammary  Gland. 

§  509.    The  general  structure  of  the  mammaiy  gland 777 

§  510.    The  structure  of  the  alveoli ;  the  varying  appearances  of  the  epithelial 

ceUs 778 

§  511.    The  characters  of  the  dormant  mammary  gland        ....  780 

§  512.    The  connective-tissue  of  the  mammary  gland 780 

§513.    The  nature  of  milk;  its  constituents;  their  relative  quantities  in 

different  animals 780 

§  514.    Colostrum,  its  chemical  and  microscopical  characters  783 

§515.    The  mammary  gland  at  burth 784 

§  516.    The  nature  of  the  act  of  secretion  of  milk 784 

§  517.    The  secretion  of  milk  typical  of  metabolism  in  general  785 

§  518.    The  relations  of  the  gland  to  the  nervous  system      ....  787 


CONTENTS.  xix 

CHAPTER  V. 

Nutrition. 

SECTION  I. 
The  Statistics  op  Nutrition. 

PAOR 

i  ."SIS.     The  composition  of  the  animal  body 788 

^  '>20.    The  composition  of  the  starring  body  and  the  general  phenomena 

of  starvation 789 

Comparison  of  income  and  output  of  material, 

f  •'>21.    The  method  of  determining  the  income  and  output.    The  respiration 
chamber.    The  calculation  of  changes  in  the  body  based  on  a 

comparison  of  the  income  and  output 791 

j$  .'22.    Nitrogenous  metabolism.     'Tissue*  proteids  and  'floating*  proteids. 

Luxus  consumption 79-1 

.^  .''»23.    The  effects  of  fatty  and  carbohydrate  food 797 

;f  524.     The  effects  of  gelatine  as  food 798 

ii  r>25.    Peptone  as  food .  799 

i  526.    The  effects  of  salts  as  food 799 

SECTION   II. 

The  Energy  of  the  Body. 

The  income  of  energy, 

i  r>27.    The  available  potential  energy  of  the  several  food-stuffs  and  of  an 

ordinary  diet 801 

The  expenditure  of  energy. 

i  528.    The  daily  expenditure  as  heat  and  as  work  done.    Calorimeters  80S 

%  529.    The  energy  of  mechanical  work  does  not  arise  exclusively  from 

proteid  metabolism ;  urea  and  muscular  exercise        .        .        .        805 

Animal  Heat. 

i  530.    The  sources  and  distribution  of  Heat;  the  muscles  the  chief  source .        807 

i  531.    The  temperature  of  the  body;    cold-blooded    and    warm-blooded 

animals 809 

i  532.    The  regulation  of  the  temperature  of  the  body  by  variation  in  the 

loss  of  heat.    The  skin  the  great  regulator         ....        810 

i  'tSS.    The  production  of  heat,  the  circumstances  determining  it ;  the  effects 

of  meals  and  of  labour 812 

i  534.  The  influence  of  the  nervous  mechanism  in  determining  the  pro- 
duction of  heat;  the  effects  of  heat  and  cold  on  the  metabolism 
of  the  body  are  produced  through  the  nervous  system  814 

^  535.  The  portions  of  the  central  nervous  system  concerned  in  this  regu- 
lation of  heat     81& 


XX  CONTENTS. 

PAGE 

I  536.    The  narrow  limits  within  which  the  bodilj  temperatnre  is  main- 
tained   817 

§  537.    Ahnormally  high  temperatores,  pyrexia 817 

I  538.    The  effects  of  great  heat 818 

§539.    The  effecU  of  great  cold 819 

1 510.    Hibernation 820 

SECTION   III. 

Ox  Nutrition  in  general. 

I  541.    The  general  features  of  metabolism 822 

i  542.    The  metabolism  of  mosde  as  typical  of  the  metabolism  of  tissues ; 

the  natore  of  the  food  of  mosde 823 

I  543.    The  relations  of  metabolism  to  the  stinctmral  features  of  mosde  825 

I  544.    The  fate  of  the  lactic  acid  prodooed  by  mosde 826 

i  545.    A  comparison  of  the  metabolism  of  moscolar  tissoe  with  that  of 

other  tissues 827 

1 546.    Proteid  substance  the  pivot  of  metabolism 828 

I  547.  Influences  determining  notritien ;  the  influence  of  food  .  828 
I  548.    The  influence  of  nerves  on  metabolism ;  katabolic  and  anabolic 

nerves 829 

1 549.    The  influence  of  the  nervous  system  on  the  general  nutrition  of  the 

tissues.    The  phenomena  of  disease  Ac ;  trophic  nerves  .  829 

SECTION   IV. 

On  Diet. 

i  550.    The  normal  diet,  statistical  and  experimental 833 

§  551.    The  necessity  for  all  three  food-stuffs,  proteids,  fats  and  carbo- 
hydrates.   The  necessity  and  importance  of  salts  induding 

extractives ;  alcohol,  &e. 835 

1 552.    The  chemical  value  of  artides  of  food  to  be  corrected  by  their 

digestibiUty 838 

I  558.  The  physiological  value  of  a  purdy  vegetable  diet  ....  839 
§  554.  The  modifications  of  a  normal  diet  needed  to  meet  variations  in  size  842 
S  555.  The  modifications  of  a  normal  diet  needed  to  meet  changes  of  climate  843 
f  556.    The  modifications  of  a  normal  diet  needed  to  promote  or  prevent 

fattening 844 

I  557.    The  modifications  of  a  normal  diet  needed  to  meet  muscular  and 

mental  labour 845 


LIST  OF  FIGURES  IN  PART  II. 

no.  PAOX 

62.  Diagrammatio  representatioii  of  the  robmaxillary  gland  of  the  dog  with 

its  nerres  and  blood  vessels 897 

63.  Alyeoli  of  the  pancreas  of  a  rabbit  at  rest  and  in  activity  405 

64.  Changes  in  the  parotid  gland  daring  secretion 407 

65.  Sections  of  the  parotid  gland  of  the  rabbit  at  rest  and  after  stimolation 

of  the  cervical  sympathetic  nerve 408 

66.  Mucous  oeUs  from  the  fresh  submaxillary  gland  of  the  dog   .                .  409 

67.  Alveoli  of  dog's  submaxillary  gland  in  loaded  and  in  discharged  phases  410 

68.  Gastric  gland  of  mammal  (bat)  during  activity 412 

69.  Diagram  illustrating  the  influence  of  food  on  the  secretion  of  the 

pancreatic  juice 483 

70.  Diagram  to  illustrate  the  nerves  of  the  alimentary  canal  in  the  dog      .  466 

71.  Apparatus  for  taking  tracings  of  the  movements  of  the  column  of  air 

in  respiration 539 

72.  Tracing  of  respiratory  movements 542 

73.  Diagram  of  Ludwig's  mercurial  gas-pump 554 

74.  Diagram  of  Alvergniat's  pump 556 

75.  The  spectra  of  oxy-hsmoglobin  in  different  grades  of  concentration,  of 

(reduced)  hiemoglobin,  and  of  oarbonic-oxide-hflemoglobin       .  562 

76.  Spectra  of  some  derivatives  of  hsBmoglobin 569 

77.  Curve  of  the  effect  on  respiration  of  section  of  one  vagus  588 

78.  Curve  of  the  effect  on  respiration  of  section  of  both  vagus  nerves  .        .  589 

79.  Curve  of  the  quickening  of  respiration  by  gentle  stimulation  of  the 

central  end  of  the  vagus  trunk 589 

80.  Curve  of  respiratory  increase  due  to  stimulation  of  vagus  nerve    .  590 

81.  Curve  of  the  inhibitory  effects  of  stimulation  of  the  superior  laryngeal 

nerve 592 

82.  Curves  illustrating  the  effects  of  distension  and  collapse  of  the  lung     .  593 

83.  Curve  shewing  the  effects  of  repeated  inflation  of  the  lungs  .  594 

84.  Curve  shewing  the  effects  of  repeated  suction  of  the  lungs  594 

85.  Curves  of  blood-pressure  and  intra-thoracic  pressure  taken  together  614 

86.  Curve  of  blood-pressure  during  a  suspension  of  breathing    .  623 


xxii  LIST  OF  FIGURES  IN  PART  II. 

FIO.  PA<iK 

87.  Curve  shewing  Traube-Hering  undulations 624 

88.  Benal  oncometer 6/^h 

89.  Oncograph dyft^ 

90.  Tracing  from  renal  oncometer 6(Wi 

91.  Section  of  the  liver  of  frog 71 1 

92.  Three  phases  of  the  hepatic  cells  of  the  frog 71  h 

93.  Section  of  mammalian  liver  rich  in  glycogen 7'il 

94.  Section  of  mammalian  liver  containing  little  or  no  glycogen  721 

95.  Normal  spleen  curve  from  dog 74 1 


NOTE. 
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CHAPTER    I. 


THE  TISSUES  AND  MECHANISMS  OF  DIGESTION. 

§  196.  The  food  in  passing  along  the  alimentary  canal  is 
subjected  to  the  Action  of  certain  juices  supplied  by  the  secretory 
ik^tivity  of  the  epithelium  cells  which  line  the  canal  itself  or 
which  form  part  of  its  glandular  appendages.  These  juices  (viz. 
saliva,  gastric  juice,  bile,  pancreatic  juice,  and  the  secretions  of  the 
small  and  lar^e  intestines),  poured  upon  and  mingling  with  the 
food,  produce  in  it  such  changes,  that  from  being  largely  insoluble 
it  becomes  largely  soluble,  or  otherwise  modify  it  in  such  a  way 
that  the  larger  part  of  what  is  eaten  passes  into  the  blood,  either 
directly  by  means  of  the  capillaries  of  the  alimentary  canal  or 
indirectly  by  means  of  the  lacteal  system,  while  the  smaller  part  is 
discharged  as  excrement. 

Those  parts  of  the  food  which  are  thus  digested,  absorbed  and 
made  use  of  by  the  body,  are  spoken  of  as  food-stuffs  (they  have 
also  been  called  alimevitary  principles)  and  may  be  conveniently 
divided  into  four  great  classes. 

1.  Proteids.  We  have  previously  (§  15)  spoken  of  the  chief 
-characters  of  this  class,  and  have  dealt  with  several  members  in 
treating  of  blood  and  muscle.  We  may  here  repeat  that  in  general 
•composition  they  contain  in  100  parts  by  weight  "in  round 
numbers"  rather  more  than  15  parts  of  nitrogen,  rather  more 
than  50  parts  of  carbon,  about  7  parts  of  hydrogen,  and  rather 
more  than  20  parts  of  oxygen ;  though  essentially  the  nitrogenous 
bodies  of  food  and  of  the  body  they  are  made  up  of  carbon  to  the 
extent  of  more  than  half  their  weight. 

The  nitrogenous  body  gelatin,  which  occurs  largely  in  animal 
food,  and  some  other  bodies  of  less  importance,  while  more  closely 
nUied  to  proteid  bodies  than  to  any  other  class  of  organic  sub- 
stances, differ  considerably  from  proteids  in  composition  and 
especially  in  their  behaviour  in  the  body;  they  are  not  of  sufficient 
importance  to  form  a  class  by  themselve& 
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2.  FatSy  frequently  but  erroneously  called  Hydrocarbons.  These 
vary  very  widely  in  chemical  composition,  ranging  from  such  a 
comparatively  simple  fat  as  butyrin  to  the  highly  complex  lecithin 
(§  71);  they  all  possess,  in  view  of  the  oxidation  of  both  their 
carbon  and  their  hydrogen,  a  large  amount  of  potential  energy. 

3.  Carbo' hydrates,  or  sugars  and  starchea  These  possess 
weight  for  weight  relatively  less  potential  energy  than  do  fats; 
they  already  contain  in  themselves  a  large  amount  of  combined 
oxygen  and  when  completely  oxidised  give  out,  weight  for  weight, 
less  heat  than  do  fats. 

4.  Saline  or  Mineral  Bodies,  and  Water.  These  salts  are  for 
the  most  part  inorganic  salts  ;  and  this  class  differs  from  the  three 
preceding  classes  in  as  much  as  the  usefulness  of  its  members  to 
the  body  lies  not  so  much  in  the  amount  of  energy  which  may 
be  given  out  by  their  oxidation,  as  in  the  various  induences  which, 
by  their  presence,  they  exercise  on  the  metabolic  events  of  the 
body. 

These  several  food-stuflfe  are  variously  acted  upon  in  the 
several  parts  of  the  alimentary  canal,  and  we  may  distinguish,  as 
the  food  passes  along  the  digestive  tract  three  main  stages : 
digestion  m  the  mouth  and  stomach,  digestion  in  the  small 
intestine,  and  digestion  in  the  large  intestine.  In  many  animala 
the  first  stage  is,  to  a  large  extent,  preparatory  only  to  tne  second 
which  in  all  animals  is  the  stage  in  which  the  food  undergoes  the 
greatest  change;  in  the  third  stage  the  changes  begun  in  the 
previous  stages  are  completed,  and  this  stage  is  especially  charac- 
terised by  the  absorption  of  fluid  from  the  interior  of  the  alimen- 
tary canal. 

It  will  be  convenient  to  study  these  stages,  more  or  less  apart^ 
though  not  wholly  so,  and  it  will  also  be  convenient  to  consider 
the  whole  subject  of  digestion  under  the  following  heads : — 

First,  the  characters  and  properties  of  the  various  juices,  and 
the  changes  which  they  bring  about  in  the  food  eaten. 

Secondly,  the  nature  of  the  processes  by  means  of  which  the 
epithelium  cells  of  the  various  glands  and  various  tracts  of  the 
canal  are  able  to  manufacture  so  many  various  juices  out  of  the 
common  source,  the  blood,  and  the  manner  in  which  the  secretory 
activity  of  the  cells  is  regulated  and  subjected  to  the  needs  of  the 
economy. 

Thirdly,  the  mechanisms,  here  as  elsewhere  chiefly  of  a  mus- 
cular nature,  by  which  the  food  is  passed  along  the  canal,  and 
most  efficiently  brought  into  contact  with  the  several  juices. 

Fourthly  and  lastly,  the  means  by  which  the  nutritious  digested 
material  is  separated  from  the  undigested  or  excremental  material,, 
and  absorbed  into  the  blood. 


SEC.   1.     THE   CHARACTERS  AND   PROPERTIES  OF 
SALIVA  AND   GASTRIC  JUICE. 

Saliva. 

§  197.  Mixed  saliva,  as  it  appears  in  the  mouth,  is  a  thick, 
glairy,  generally  frothy  and  turbid  fluid.  Under  the  microscope  it 
IS  seen  to  contam,  besides  the  molecular  ddbris  of  food,  bacteria  and 
other  organisms  (frequently  cryptogamic  spores),  epithelium-scales, 
mucus-corpuscles  and  granules,  and  the  so-called  salivary  cor- 
puscles. Its  reaction  in  a  healthy  subject  is  alkaline,  especially 
when  the  secretion  is  abundant.  When  the  saliva  is  scanty,  or 
when  the  subject  suffers  from  dyspepsia,  the  reaction  of  the  mouth 
may  be  acid.  Saliva  contains  but  little  solid  matter,  on  an  average 
probably  about  '5  p.  c,  the  specific  gravity  varying  from  1*002  to 
1*006.  Of  these  solids,  rather  less  than  half,  about  *2  p.c.,  are  salts 
(including  at  times  a  minute  quantity  of  potassium  sulphocyanate). 
The  organic  bodies  which  can  be  recognised  in  it  are  globulin  and 
serum-albumin  (see  §§  16, 17)  found  in  small  quantities  only,  other 
obscure  bodies  occurring  in  minute  quantity,  and  mucin;  the 
latter  is  by  far  the  most  conspicuous  organic  constituent,  the 
glairiness  or  ropiness  of  mixed  and  other  kinds  of  saliva  being  due 
to  its  presence. 

Mucin.  If  acetic  acid  be  cautiously  added  to  mixed  saliva 
the  viscidity  of  the  saliva  is  increased,  and  on  further  addition  of 
the  acid  a  semi-opaqiie  ropy  mass  separates  out,  leaving  the  rest  of 
the  saliva  limpid.  This  ropy  mass,  which  is  mucin,  if  stirred  care- 
fully with  a  glass  rod,  shrinks,  becoming  opaque,  clings  to  the 
glass  rod  and  may  be  thus  removed  from  the  fluid.  If  the  quantity 
of  mucin  be  small  and  the  saliva  be  violently  shaken  or  stirred 
while  the  acid  is  being  added,  the  mucin  is  apt  to  be  precipitated 
in  flakes,  and  may  then  be  separated  by  filtration.  It  may  be 
^ded  that  the  precipitation  of  mucin  by  acid  is  greatly  influenced 
by  the  presence  of  sodium  chloride  and  other  salts ;  thus  after  the 
.audition  of  sodium  chloride  acetic  acid  even  in  considerable  excess 
will  not  cause  a  precipitate  of  mucin. 


i 


358  MUCIN.  [Book  lu 

Mucin,  thus  prepared  and  purified  bv  washing  with  acetic  acid, 
swells  out  in  water,  without  actually  dissolving;  it  will  however 
dissolve  into  a  viscid  fluid  readily  in  dilute  (01  p.c.)  solutions  of 
potassium  hydrate,  more  slowly  in  solutions  of  alkaline  salts.  In 
order  to  filter  a  mucin  solution,  great  dilution  with  water  is 
necessary. 

Mucm  is  precipitated  by  strong  alcohol  and  by  various  metallic 
salts ;  it  may  also  be  precipitated  oy  dilute  mineral  acids,  but  the 
precipitate  is  then  soluble  m  excess  of  the  acid. 

Mucin  gives  the  three  proteid  reactions  mentioned  in  §  15,  but 
it  is  a  very  complex  body,  more  complex  even  than  proteids, 
for  by  treatment  with  dilute  mineral  acids,  and  in  other  ways,  it 
may  be  converted  into  some  form  of  proteid  (acid-albumin  when 
dilute  mineral  acid  is  used),  while  at  the  same  time  there  is 
fonned  a  body  which  appears  to  be  a  carbohydrate  and  resembles 
a  sugar  in  having  the  power  of  reducing  cupric  sulphate  solutions. 
Solutions  of  mucm  moreover  on  mere  keeping  are  apt  to  lose  their 
viscidity  and  to  become  converted  into  a  proteid  not  unlike  the 
body  peptone,  which  as  we  shall  see  is  the  result  of  gastric  diges- 
tion, and  into  a  reducing  body.  Several  kinds  of  mucin  appear 
to  exist  in  various  animal  bodies,  but  they  seem  all  to  agree  in 
the  character  that  they  can  by  appropriate  treatment  be  split 
up  into  a  proteid  of  some  kind  and  into  a  carbohydrate  or  allied 
body. 

§  198.  The  chief  purpose  served  by  the  saliva  in  digestion  is 
to  moisten  and  soften  the  food,  and  to  assist  in  mastication  and 
deglutition.  In  some  animals  this  is  its  only  function.  In  other 
animals  and  in  man  it  has  a  specific  solvent  action  on  some  of  the 
food-stuifs.  Such  minerals  as  are  soluble  in  slightly  alkaline 
fluids  are  dissolved  by  it.  On  fats  it  has  no  effect  save  that  of 
producing  a  very  feeble  emulsion.  On  proteids  it  has  also  no 
pacific  action,  though  pieces  of  meat,  cooked  or  uncooked,  appear 
greatly  altered  after  they  have  been  masticated  for  some  time; 
the  ctiief  alteration  however  which  thus  takes  place  is  a  change  in 
the  haemoglobin,  and  a  general  softening  of  the  muscular  fibres 
by  aid  of  the  alkalinity  of  the  saliva.  Of  course  when  particles  of 
food  arc  retained  for  a  long  time  in  the  mouth,  as  in  the 
interstices,  or  in  cavities  of  the  teeth,  the  bacteria  or  other 
organisms  which  are  always  present  in  the  mouth  may  produce 
much  more  profound  changes,  but  these  are  not  the  legitimate 
products  of  the  action  of  saliva.  The  characteristic  property  of 
saliva  is  that  of  converting  starch  into  some  form  of  sugar. 

Action  of  Saliva  on  Starch.  If  to  a  quantity  of  boiled  starch, 
which  is  always  more  or  less  viscid  and  somewhat  opaque  or  turbid, 
a  small  quantity  of  saliva  be  added,  it  will  be  found  after  a  short 
time  that  an  important  change  has  taken  place,  inasmuch  as  tho 
mixture  has  lost  its  previous  viscidity  and  become  thinner  and 
more  transparent.     In  order  to  understand  this  change,  the  reader 
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must  bear  in   mind   the   existence   of  the   following  bodies  all 
belonging  to  the  class  of  carbohydrates. 

1.  Starch,  which  forms  witn  water  not  a  true  solution  but  a 
more  or  less  viscid  mixture,  and  gives  a  characteristic  blue  colour 
with  iodine.  The  formula  is  Cfi^fi^  or  more  correctly  (CgHj^Oj)^ 
since  the  molecule  of  starch  is  some  multiple  (n  bemg  not  less 
than  5)  of  the  simpler  formula.  A  kind  of  starch,  Known  as 
soluble  starch,  while  giving  a  blue  colour  with  iodine,  forms,  unlike 
ordinary  starch,  a  clear  solution. 

2.  Dextrins,  differing  from  starch  in  forming  a  clear  solution. 
Of  these  there  are  at  least  two ;  one  erythrodextrin,  often  spoken 
of  simply  as  dextrin,  giving  a  port- wine  red  colour  with  iodine,  and 
a  second,  achroodextrin,  which  gives  no  colour  at  all  with  iodine. 
The  formula  for  dextrin  is  the  same  as  that  for  starch,  but  has  a 
smaller  molecule  and  might  be  represented  by  (C^Hj^OJ^*. 

3.  Dextrose,  also  called  glucose  or  grape-sugar,  giving  no 
colouration  with  iodine,  but  characterised  by  the  power  of  re- 
ducing cupric  and  other  metallic  salts ;  thus,  when  dextrose  is 
boiled  with  a  fluid  known  as  Fehling*s  fluid,  which  is  a  solution 
of  hydrated  cupric  oxide  in  an  excess  of  caustic  alkali  and  double 
tartrate  of  sodium  and  potassium,  the  cupric  oxide  is  reduced  and 
a  red  or  yellow  deposit  of  cuprous  oxide  is  thrown  down.  This 
reaction  serves  with  others  as  a  convenient  test  for  dextrose. 
Neither  starch  nor  that  commonest  form  of  sugar  known  as  cane- 
sugar,  give  this  reaction;  whether  the  dextnns  do  is  doubtful. 
The  formula  for  dextrose  is  CjH„Oj;  it  is  more  simple  than  that 
of  starch  or  dextrin  and  contains  an  additional  H^O  for  every  C^. 
Unlike  starch  and  dextrin  it  can  be  obtained  in  a  crystalline  form, 
either  from  aqueous  solutions  (it  being  readily  soluble  in  water), 
in  which  case  the  crystals  contain  water  of  crystallisation,  or  from 
its  solutions  in  alcohol  (in  which  it  is  sparingly  soluble),  in  which 
case  the  crystals  have  no  such  water  of  crystallisation.  Solutions 
of  dextrose  have  a  marked  dextrorotatory  power  over  rays  of  light. 

4.  Maltose,  very  similar  to  dextrose,  and  like  it  capable  of 
reducing  cupric  salts.  The  formula  is  somewhat  different,  being 
C„ELOjj.  Besides  this,  it  differs  from  dextrose  chiefly  in  its 
smaller  reducing  power,  %,e.  a  given  weight  will  not  convert  so 
much  cupric  oxide  into  cuprous  oxide  as  will  the  same  weight  of 
dextrose,  and  in  having  a  stronger  rotatory  action  on  rays  of  light. 
Like  dextrose  it  can  oe  crystallised,  the  crystals  from  aqueous 
solutions  containing  water  of  crystallisation. 

Now  when  a  quantity  of  starch  is  boiled  with  water  we  may 
recognise  in  the  viscid  imperfect  solution,  on  the  one  hand  the 
presence  of  starch,  by  the  blue  colour  which  the  addition  of  iodine 
gives  rise  to,  and  on  the  other  hand  the  absence  of  sugar  (maltose, 
dextrose),  by  the  fact  that  when  boiled  with  Fehling's  fluid  no 
reduction  takes  place  and  no  cuprous  oxide  is  precipitated. 

If  however  the  boiled  starch  be  submittea  for  a  while  to  the 
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action  of  saliva,  especially  at  a  somewhat  high  temperature  such  as 
35®  or  40®  C,  it  is  found  that  the  subsequent  aadition  of  iodine 
gives  no  blue  colour  at  all,  or  very  much  less  colour,  shewing  that 
the  starch  has  disappeared  or  diminished ;  on  the  other  hand  the 
mixture  readily  gives  a  precipitate  of  cuprous  oxide  when  boiled 
with  Fehling's  fluid,  shewing  that  maltose  or  dextrose  is  present. 
That  is  to  say  the  saliva  has  converted  the  starch  into  maltose 
or  dextrose.  The  presence  of  the  previously  absent  sugar  may  also 
be  shewn  by  fermentation  and  by  the  other  tests  for  sugar. 
Moreover,  if  an  adequately  large  quantity  of  starch  be  subjected 
to  the  charge,  the  sugar  formed  may  be  isolated,  and  its  characters 
determined.  When  this  is  done  it  is  found  that  while  some 
dextrose  is  formed  the  greater  part  of  the  sugar  which  appears  is 
in  the  form  of  maltose.  As  is  well  known  starch  may  by  the 
action  of  dilute  acid  be  converted  into  dextrin,  and  by  further 
action  into  sugar;  but  the  sugar  thus  formed  is  always  wholly 
dextrose,  and  not  maltose  at  all.  The  action  of  saliva  in  this 
respect  differs  from  the  action  of  dilute  acid. 

While  the  conversion  of  the  starch  by  the  saliva  is  going  on  the 
addition  of  iodine  frequently  gives  rise  to  a  red  or  violet  colour 
instead  of  a  pure  blue,  but  when  the  conversion  is  complete  no 
coloration  at  all  is  observed.  The  appearance  of  this  red  colour 
indicates  the  presence  of  dextrin  (erythrodextrin) ;  the  violet 
colour  is  due  to  the  red  being  mixed  with  the  blue  of  still  un- 
changed starch. 

The  appearance  of  dextrin  shews  that  the  action  of  the  saliva 
on  the  starch  is  somewhat  complex;  and  this  is  still  further 
proved  by  the  fact  that  even  when  the  saliva  has  completed  its 
work  the  whole  of  the  starch  does  not  reappear  as  maltose  or 
dextrose.  A  considerable  quantity  of  the  other  dextrin  (achroo- 
dextrin)  always  appears  and  remains  unchanged  to  the  end; 
and  there  are  probably  several  other  bodies  also  formed  out  of 
the  starch,  the  relative  proportions  varying  according  to  circum- 
stances. The  change  therefore,  though  perhaps  we  may  speak 
of  it  in  a  general  way  as  one  of  hydration,  cannot  be  exhibited 
under  a  simple  formula,  and  we  may  rest  content  for  the  present 
with  the  statement  that  starch  when  subjected  to  the  action  of 
saliva  is  converted  chiefly  into  the  sugar  known  as  maltose  with 
a  comparatively  small  quantity  of  dextrose  and  to  some  extent 
into  achroodextrin  (erythrodextrin  appearing  temporarily  only  in 
the  process),  other  bodies  on  which  we  need  not  dwell  being 
formed  at  the  same  time. 

Raw  unboiled  starch  undergoes  a  similar  change  but  at  a  much 
slower  rate.  This  is  due  to  the  fact  that  in  the  curiously  formed 
starch  grain  the  tnie  starch,  or  gramdose,  is  invested  with  coats 
of  cellulose.  This  latter  material,  which  requires  previous  treat- 
ment with  sulphuric  acid  before  it  will  give  the  blue  reaction 
on  the  addition  of  iodine,  is  apparently  not  acted  upon  by  saliva. 
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Hence  the  saliva  can  only  get  at  the  granulose  by  traversing  the 
coats  of  cellulose,  and  the  conversion  of  the  former  is  thereby 
much  hindered  and  delayed. 

§  199.  The  conversion  of  starch  into  sugar,  and  this  we  may 
speds  of  as  the  amylolytic  action  of  saliva,  will  go  on  at  the  ordinary 
temperature  of  the  atmosphere.  The  lower  the  temperature  the 
slower  the  change,  and  at  about  0®  C.  the  conversion  is  indefinitely 
prolonged.  After  exposure  to  this  cold  for  even  a  considerable 
time  the  action  recommences  when  the  temperature  is  again 
raised.  Increase  of  temperature  up  to  about  35° — 40^  or  even  a 
little  higher,  favours  the  change,  the  greatest  activity  being  said 
to  be  manifested  at  about  40®.  Much  beyond  this  pomt,  however, 
increase  of  temperature  becomes  injurious,  markedly  so  at  60°  or 
70° ;  and  saliva  which  has  been  boiled  for  a  few  minutes  not  only 
has  no  action  on  starch  while  at  that  temperature,  but  does  not 
regain  its  powers  on  cooling.  By  being  boiled,  the  amylolytic 
activity  of  saliva  is  permanently  destroyed. 

The  action  of  saliva  on  starch  Ls  most  rapid  when  the  reaction 
of  the  mixture  is  neutral  or  nearly  so ;  it  is  hindered  or  arrested 
by  a  distinctly  acid  reaction.  Indeed  the  presence  of  even  a  very 
small  quantity  of  free  acid,  at  all  events  of  hydrochloric  acid,  at 
the  temperature  of  the  body  not  only  suspends  the  action  but 
speedily  leads  to  permanent  abolition  of  the  activity  of  the  juice. 
The  bearing  of  this  will  be  seen  later  on. 

The  action  of  saliva  is  hampered  by  the  presence  in  a  concen- 
trated state  of  the  product  of  its  own  action,  that  is,  of  sugar.  If 
a  small  quantity  of  saliva  be  added  to  a  thick  mass  of  boiled  starch, 
the  action  will  after  a  while  slacken,  and  eventually  come  to  almost 
a  stand-still  long  before  all  the  starch  has  been  converted.  On 
diluting  the  mixture  with  water,  the  action  will  recommence.  If 
the  products  of  action  be  removed  as  soon  as  they  are  formed,  by 
dialysis  for  example,  a  small  quantity  of  saliva  will,  if  sufficient 
time  be  allowed,  convert  into  sugar  a  very  large,  one  might  almost 
say  an  indefinite,  quantity  of  starch.  Whether  the  particular 
coustituent  on  which  the  activity  of  saliva  depends  is  at  all 
consumed  in  its  action  has  not  at  present  been  definitely  settled. 

On  what  constituent  do  the  amylolytic  virtues  of  saliva  depend  ? 

If  saliva,  filtered  and  thus  freed  from  much  of  its  mucin  and 
from  other  formed  constituents,  be  treated  with  ten  or  fifteen  times 
its  bulk  of  alcohol,  a  precipitate  is  formed  containing  besides  other 
substances  all  the  proteid  matters.  Upon  standing  under  the 
alcohol  for  some  time  (several  days),  the  proteids  thus  precipitated 
become  coagulated  and  insoluble  in  water.  Hence,  an  aqueous 
extract  of  the  precipitate,  made  after  this  interval,  contains  very 
little  proteid  material ;  yet  it  is  exceedingly  active.  Moreover 
by  other  more  elaborate  methods  there  may  be  obtained  from 
saliva  solutions  which  appear  to  be  almost  entirely  free  from 
proteids  and  yet  are  intensely  amylolytic.   But  even  these  probably 
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contain  other  bodies  besides  the  really  active  constituent.  Whatever 
the  active  substance  be  in  itself,  it  exists  in  such  extremely  small 
quantities  that  it  has  never  yet  been  satisfactorily  isolated ;  and 
indeed  the  only  clear  evidence  we  have  of  its  existence  is  the 
manifestation  of  its  peculiar  powers. 

The  salient  features  of  this  body,  this  amylolytic  agent,  which 
we  may  call  ptyalin,  are  then : — 1st,  its  presence  in  minute  and 
almost  inappreciable  quantity.  2nd,  the  close  dependence  of  its 
activity  on  temperature.  3ra,  its  permanent  and  total  destruction 
by  a  high  temperature  and  by  various  chemical  reagents.  4th,  the 
want  of  any  clear  proof  that  it  itself  undergoes  any  change  during 
the  manifestation  of  its  powers ;  that  is  to  say,  the  energy  neces- 
sary for  the  transformation  which  it  effects  does  not  coine  out  of 
itself;  if  it  is  at  all  used  up  in  its  action,  the  loss  is  rather  that 
of  simple  wear  and  tear  of  a  machine  than  that  of  a  substance 
expended  to  do  work.  5th,  the  action  which  it  induces  is  probably 
of  such  a  kind  (splitting  up  of  a  molecule  with  assumption  of 
water)  as  is  effected  by  that  particular  class  of  agents  called 
"  hydrolytic." 

These  features  mark  out  the  amylolytic  active  body  of  saliva 
as  belonging  to  the  class  of  ferments^;  and  we  may  henceforward 
speak  of  the  amylolytic  ferment  of  saliva.  The  fibrin-ferment 
(§  20)  is  so  called  because  its  action  in  many  ways  resembles  that 
of  the  ferment  of  which  we  are  now  speaking. 

§  200.  Mixed  saliva,  whose  properties  we  have  just  discussed, 
is  the  result  of  the  mingling  in  various  proportions  of  saliva  from 
the  parotid,  submaxillary,  and  sublingual  glands  with  the  secretion 
from  the  buccal  glands.  These  constituent  juices  have  their  own 
special  characters,  and  these  are  not  the  same  in  all  animals. 
Moreover  in  the  same  individual  the  secretion  differs  in  composition 
and  properties  according  to  circumstances ;  thus,  as  we  shall  see  in 
detail  hereafter,  the  saliva  from  the  submaxillary  gland  secreted 
under  the  influence  of  the  chorda  tympani  nerve  is  different  from 
that  which  is  obtained  from  the  same  gland  by  stimulating  the 
sympathetic  nerve. 

In  man  pure  parotid  saliva  may  easily  be  obtained  by  introducing  a 
fine  cannula  into  the  opening  of  the  Stenonian  duct,  and  submaxillary 
saliva,  or  rather  a  mixture  of  submaxillary  and  sublingual  saliva^  by 

1  Fermentfl  may,  for  tlie  prenent  at  least,  be  divided  into  two  claxfles,  commonly 
called  organUed  and  unorganised.  Of  the  former,  yeast  may  be  taken  aa  a  weU- 
known  example.  The  fermentative  activity  of  yeast  which  leads  to  the  conversion 
of  sugar  into  alcohol,  is  dei)endent  on  the  life  of  the  yeast-cell.  Unless  the  yeast- 
cell  be  living  and  functional,  fermentation  does  not  take  place;  when  the  yeast- 
oeU  dies  fermentation  ceases;  and  no  substance  obtained  from  the  fluid  parts  of 
yeast,  by  precipitation  with  alcohol  or  otherwise,  will  give  rise  to  alcoholic  fermen- 
tation. The  salivary  fennent  belongs  to  the  latter  class ;  it  is  a  substance,  not  a 
living  organism  like  yeast.  It  may  be  added  however  that  possibly  the  organised 
ferment,  the  yeast  for  instance,  produces  its  efifect  by  means  of  an  ordinary 
nnorganiscd  ferment  which  it  generates,  but  which  ia  immediately  made  away  with. 
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aiiuilar  catheterisation  of  the  Whartonian  duct.     In  animals  the  duct 
may  be  dissected  out  and  a  cannula  introduced. 

Parotid  saliva  in  man  is  clear  and  limpid,  not  viscid ;  the  reaction 
of  the  first  drops  secreted  is  often  acid,  the  succeeding  portions, 
at  all  events  when  the  flow  is  at  all  copious,  are  alkaline ;  that  is 
to  say  the  natural  secretion  is  alkaline,  but  this  may  be  obscured 
by  acid  changes  taking  place  in  the  fluid  which  has  been  retained 
in  the  duct,  possibly  by  the  formation  of  an  excess  of  carbonic  acid. 
On  standing,  the  clear  fluid  becomes  turbid  from  a  precipitate  of 
calcic  carbonate,  due  to  an  escape  of  carbonic  acid.     It  contains 

flobulin  and  some  other  forms  of  albumin,  with  little  or  no  mucin, 
'otassium  sulphocyanate  may  also  sometimes  be  detected,  but 
structural  elements  are  absent. 

Submaxillary  saliva,  in  man  and  in  most  animals,  differs  &om 
parotid  saliva  in  being  more  alkaline  and,  fi>om  the  presence  of 
mucin,  more  viscid ;  it  contains  salivary  corpuscles,  that  is  bodies 
closely  resembling  if  not  identical  with  leucocytes,  and,  often  in 
abundance,  amorphous  masses.  The  so-called  chorda  saliva  in 
the  dog,  that  is  to  say  saliva  obtained  by  stimulating  the  chorda 
tympani  nerve,  (of  which  we  shall  presently  speak),  is  under 
ordinary  circumstances  thinner  and  less  viscid,  contains  less 
mucin,  and  fewer  structural  elements,  than  the  so-called  sympa- 
thetic saliva,  which  is  remarkable  for  its  viscidity,  its  structural 
elements,  and  for  its  larger  total  of  solids. 

Sublingual  saliva  is  more  viscid,  and  contains  more  salts  (in 
the  dog  about  I  p.c.),  than  the  submaxillary  saliva. 

The  action  of  saliva  varies  in  intensity  in  different  animals. 
Thus  in  man,  the  pig,  the  guinea-pig,  and  the  rat,  both  parotid 
and  submaxillary  and  mixed  saliva  are  amylolytic;  the  sub- 
maxillary saliva  being  in  most  cases  more  active  than  the  parotid. 
In  the  rabbit,  while  the  submaxillary  saliva  has  scarcely  any 
action,  that  of  the  parotid  is  energetic.  The  saliva  of  the  cat  is 
much  less  active  than  the  above;  that  of  the  dog  is  still  less 
active,  indeed  is  almost  inert.  In  the  horse,  sheep,  and  ox,  the 
amylolytic  powers  of  either  mixed  saliva,  or  of  any  one  of  the  con- 
stituent juices,  are  extremely  feeble. 

Where  the  saliva  of  any  gland  is  active,  an  aqueous  infusion  of 
the  same  gland  is  also  active.  The  importance  and  bearing  of  this 
statement  will  be  seen  later  on.  From  the  aqueous  infiision  of 
the  gland,  as  from  saliva  itself,  the  ferment  may  be  approximately 
isolated.  In  some  cases  at  least  some  ferment  may  be  extracted 
from  the  gland  even  when  the  secretion  is  itself  inactive.  In  fact 
a  ready  method  of  preparing  a  highly  amylolytic  liquid  tolerably 
free  fiim  proteid  and  other  impurities,  is  to  mince  finely  a  gland 
known  to  have  an  active  secretion,  such  for  instance  as  that  of  a 
rat,  to  dehydrate  it  by  allowing  it  to  stand  under  absolute  alcohol 
for  some  days,  and  then,  havmg  poured  off  most  of  the  alcohol. 
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and  removed  the  remainder  by  evaporation  at  a  low  temperature 
to  cover  the  pieces  of  gland  with  strong  glycerine.  Though  some 
of  the  ferment  appears  to  be  destroyed  by  the  alcohol  a  mere  drop 
of  such  a  glycerine  extract  rapidly  converts  starch  into  sugar. 


Gastric  Jvice. 

§  201.  There  is  no  difficulty  in  obtaining  what  may  fairly  be 
considered  as  a  normal  saliva ;  but  there  are  many  obstacles  in  the 
way  of  determining  the  normal  characters  of  the  secretion  of  the 
stomach.  When  no  food  is  taken  the  stomach  is  at  rest  and  no 
secretion  takes  place.  When  food  is  taken,  the  characters  of  the 
gastric  juice  secreted  are  obscured  by  the  food  with  which  it  is 
mingled.  The  gastric  membrane  may  it  is  true  be  artificially 
stimulated,  bv  touch  for  instance,  and  a  secretion  obtained  This 
we  may  speak  of  as  gastric  juice,  but  it  may  be  doubted  whether 
it  ought  to  be  considered  as  normal  gastric  juice.  And  indeed  as 
we  shall  see  even  the  juice,  which  is  poured  into  the  stomach 
during  a  meal,  varies  in  composition  as  digestion  is  going  on. 
Hence  the  characters  which  we  shall  give  of  gastric  juice  must  be 
considered  as  having  a  general  value  only. 

Gastric  juice,  obtained  in  as  normal  a  condition  as  possible 
from  the  healthy  stomach  of  a  fasting  dog,  by  means  of  a  gastric 
fistula,  is  a  thin  almost  colourless  nuid  with  a  sour  taste  and 
odour. 

In  the  operation  for  gastric  fistula,  an  incision  is  made  through  the 
abdominal  walls,  along  the  linea  albtty  the  stomach  is  opened,  and  the 
lips  of  the  gastric  wound  securely  sewn  to  those  of  the  incision  in  the 
abdominal  walls.  Union  soon  takes  place,  so  that  a  permanent  opening 
from  the  exterior  into  the  inside  of  the  stomach  is  established.  A  tube 
of  proper  construction,  introduced  at  the  time  of  the  operation,  becomes 
firmly  secured  in  place  by  the  contraction  of  healing.  Through  the 
tube  the  contents  of  the  stomach  can  be  received,  and  the  mucous 
membrane  stimulated  at  pleasure. 

When  obtained  from  a  natural  fistula  in  man,  its  specific 
eravity  has  been  found  to  differ  little  from  that  of  water,  varying 
from  1001  to  1010,  and  the  amount  of  solids  present  to  be 
correspondingly  small.  In  animals,  pure  gastric  juice  seems  to  be 
equally  poor  in  solids,  the  higher  estimates  which  some  observers 
have  obtained  being  probably  due  to  admixture  with  food,  &c. 

Of  the  solid  matters  present  about  half  are  inorganic  salts,  chiefly 
alkaline  (sodium)  chlorides,  with  small  quantities  of  phosphates. 
The  organic  material  consists  of  pepsin,  a  body  to  be  described 
immediately,  mixed  with  other  substances  of  undetermined  nature. 
In  a  healthy  stomach  gastric  juice  contains  a  very  small  quantity 
only  of  mucin,  unless  some  submaxillary  saliva  has  been  swallowed. 
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The  reaction  is  distinctly  acid,  and  the  acidity  is  normally  due 
to  free  hydrochloric  acid.  This  is  shewn  by  various  proofs,  among 
which  we  may  mention  the  conclusive  fact  that  the  amount  of 
chlorine  present  in  gastric  juice  is  more  than  would  suflSce  to 
form  chlorides  with  all  the  bases  present,  and  that  the  excess  if 
regarded  as  existing  in  the  form  of  hydrochloric  acid  corresponds 
exactly  to  the  quantity  of  free  acid  present.  Lactic  and  butyric 
and  other  acias  when  present  are  secondary  products,  arisinc^ 
either  by  their  respective  fermentations  from  articles  of  fooo, 
or  from  the  decomposition  of  their  alkaline  or  other  salts.  In 
man  the  amount  of  free  hydrochloric  acid  in  healthy  juice  may 
be  stated  to  be  about  '2  per  cent.,  but  in  some  animals  it  is 
probably  higher. 

§  202.  On  starch  gastric  Juice  has  no  amylolytic  action ;  on 
the  contrary  when  saliva  is  mixed  with  gastric  juice  any  amylo- 
lytic ferment  which  may  be  present  in  the  former  is  at  once 
prevented  from  acting  by  the  acidity  of  the  mixture.  Moreover 
m  a  very  short  time,  especially  at  the  temperature  of  the  body, 
the  amylolytic  ferment  is  destroyed  by  the  acid  so  that  even  on 
neutralisation  the  mixture  is  unable  to  convert  starch  into  sugar. 

On  dextrose  healthy  gastric  juice  has  no  eflfect.  And  its  power 
of  inverting  cane-sugar  seems  to  be  less  than  that  of  hydrocnloric 
acid  dilut^  to  the  same  degree  of  acidity  as  itself  In  an  un- 
healthy stomach  however  containing  much  mucus,  the  gastric 
juice  is  very  active  in  converting  cane-sugar  into  dextrose.  This 
power  seems  to  be  due  to  the  presence  in  the  mucus  of  a  special 
ferment,  analogous  to,  but  quite  distinct  from,  the  ptyalin  of 
saliva.  An  excessive  quantity  of  cane-sugar  introduced  into  the 
stomach  causes  a  secretion  of  mucus,  and  hence  provides  for  its 
own  conversion. 

On  fats  gastric  juice  has  at  most  a  limited  action.  When 
adipose  tissue  is  eaten,  the  chief  change  which  takes  place  in  the 
stomach  is  that  the  proteid  and  gelatiniferous  envelopes  of  the 
fat-cells  are  dissolvea,  and  the  fats  set  free.  Though  there  is 
experimental  evidence  that  emulsion  of  fats  to  a  certain  extent 
does  take  place  in  the  stomach,  the  great  mass  of  the  fat  of  a  meal 
is  not  so  changed. 

Such  minerals  as  are  soluble  in  free  hydrochloric  acid  are  for 
the  most  part  dissolved;  though  there  is  a  difference  in  this  and  in 
some  other  respects  between  gastric  juice  and  simple  free  hydro- 
chloric acid  diluted  with  water  to  the  same  degree  of  acidity  as 
the  juice,  the  presence  either  of  the  pepsin  or  of  other  bodies 
apparently  momfying  the  solvent  action  of  the  acid. 

The  essential  property  of  gastric  juice  is  the  power  of  dissolving 
proteid  matters,  ana  of  converting  them  into  a  substance  called 
peptone. 

Action  of  gastric  juice  on  proteids.  The  results  are  essentially 
the  same  whether  natural  juice  obtained  by  means  of  a  fistula  or 
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artificial  juice,  i.e,  an  acid  infusion  of  the  mucous  membrane  of 
the  stomach,  be  used. 

Artificial  gastric  juice  may  be  prepared  in  any  of  the  following 
ways. 

1.  The  mucous  membrane  of  a  pig's  or  dog's  stomach  is  removed 
from  the  muscular  coat,  finely  minced,  rubbed  in  a  mortar  with 
pounded  glass  and  extracted  with  water.  The  aqueous  extract  filtered 
and  acidulated  (it  is  in  itself  somewhat  acid),  until  it  has  a  free  acidity 
corresponding  to  *2  p.c.  of  hydrochloric  acid,  contains  but  little  of  the 
products  of  digestion  such  as  peptone,  but  is  fairly  potent. 

2.  The  mucous  membrane  similarly  prepared  and  minced  is  allowed 
to  digest  at  35°  C.  in  a  large  quantity  of  hydrochloric  acid  diluted  to 
*2p.c.  The  greater  part  of  the  membrane  disappears,  shreds  only  being 
left,  and  the  somewhat  opalescent  liquid  can  be  decanted  and  filtered. 
The  filtrate  has  powerful  digestive  (peptic)  properties,  but  contains  a 
considerable  amount  of  the  products  of  digestion  (peptone,  &c.),  arising 
from  the  digestion  of  the  mucous  membrane  itself  ^ 

3.  The  mucous  membrane,  similarly  prepared  and  minced,  is 
thrown  into  a  comparatively  large  quantity  of  concentrated  glycerine, 
and  allowed  to  stand.  The  membrane  may  be  previously  dehydrated 
by  being  allowed  to  stand  under  alcohol,  but  this  is  not  necessary,  and  a 
too  prolonged  action  of  the  alcohol  injures  or  even  destroys  the  activity 
of  the  product.  The  decanted  clear  glycerine,  in  which  a  comparatively 
small  quantity  of  the  ordinary  proteids  of  the  mucous  membrane  are 
dissolved,  if  added  to  hydrochloric  acid  of  '2  p.c.  (about  1  c.c.  of  the 
glycerine  to  100  c.c.  of  the  dilute  acid  are  sufiicient),  makes  an  artificial 
juice  tolerably  free  from  ordinary  proteids  and  peptone,  and  of  remark- 
able potency,  the  presence  of  the  glycerine  not  interfering  with  the 
results. 

Before  proceeding  to  study  the  action  of  gastric  juice  on  pro- 
teids it  will  be  useful  to  review  very  briefly  the  chief  characters  of 
the  more  important  members  of  the  group. 

The  more  important  proteids  which  we  have  thus  far  studied 
are:  1.  Fibrin,  insoluble  in  water  and  not  really  soluble  (i.e. 
without  change)  in  saline  solutions.  2.  Myosiuy  insoluble  in 
water  but  soluble  in  saline  solutions,  provided  these  are  not  too 
dilute  or  too  concentrated.  3.  Globulin  (including  para-globulin, 
fibrinogen  &c.),  insoluble  in  water,  but  readily  soluble  in  even  very 
dilute  saline  solutions.  4.  Albumin,  serum-albumin,  soluble  in 
water  in  the  absence  of  all  salts.  5.  Acid-albumin,  into  which 
globulins  and  myosin  are  rapidly  converted  by  the  action  of  dilute 
acids,  the  particular  acid-albumin  into  which  the  myosin  of  muscle 
is  changed  being  sometimes  called  syntonin.  If  the  reagent  used 
be  not  dilute  acid  but  dilute  alkali,  the  product  is  called  alkali- 
albumin.  The  two  bodies,  acid-albumin  and  alkali-albumin,  are 
very  parallel  in  their  characters,  and  may  readily  be  converted 

*  These  however  may  be  removed  by  concentration  at  40^  G.   and  subsequent 
dialysis. 
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the  one  into  the  other  by  the  use  of  dilute  alkali  or  dilute  acid 
respectively.  Their  most  important  common  characters  are  in- 
solubility m  water  and  in  saline  solutions  and  ready  solubility  in 
dilute  acids  and  alkalis.  6.  Coagvlated  proteids.  As  we  have 
seen,  when  fibrin  suspended  in  water,  serum-albumin  in  solution, 
acid-albumin  or  alkali-albumin  suspended  in  water,  or  paraglo- 
bulin  suspended  in  water  or  dissolved  in  a  dilute  saline  solution, 
are  heated  to  a  temperature,  which  for  the  whole  group  may 
be  put  do>vn  at  about  75' — 80*  C,  each  of  them  becomes 
coagulated,  and  after  the  change  is  insoluble  in  water,  saline 
solutions,  dilute  acids  &c.,  in  fact  in  everything  but  very  strong 
acids.  Myosin  and  fibrinogen  undergo  a  similar  change  at  a 
lower  temperature,  viz.  about  56®  C.  We  may,  for  present  purposes, 
speak  of  all  these  proteids  thus  changed  under  the  one  term  of 
coagulated  proteids. 

To  the  above  list  we  may  now  add  two  other  proteids,  viz.: 
7.  A  kind  of  albumin  which  forms  the  great  bulk  of  the  proteid 
matter  present  in  raw  *  white  of  egg ',  and  which,  since  it  differs  in 
minor  characters  from  the  albumin  of  blood  and  of  the  tissues,  is 
called  egg-albumin.  8.  The  peculiar  proteid  casein,  an  important 
constituent  of  milk.  This  may  perhaps  be  regarded  as  a  naturally 
occurring  alkali-albumin  since  it  has  many  resemblances  to  the 
artificial  alkali-albumin;  but  for  several  reasons  it  is  desirable 
to  consider  it  as  an  independent  body. 

Egg-albumin  like  serum-albumin  becomes  coagulated  at  a 
temperature  of  about  75® — 80®  C,  and  though  casein  as  it  naturally 
exists  in  milk  is  not  coagulated  on  boiling,  when  separated 
out  in  a  special  way,  and  suspended  in  water  in  which  it  is  in- 
soluble, it  becomes  coagulated  at  about  75® — 80®  C. 

It  will  be  observed  that  all  these  proteids  form,  as  regards 
their  solubilities,  a  descending  series,  in  the  following  order. 
Coagulated  Proteids.  Fibrin.  Acid-albumin  with  Alkali-albumin, 
and  Casein.  Myosin,  Globulins.  Serum-albumin  with  Egg-albumin. 

We  must  now  return  to  the  action  of  gastric  juice. 

If  a  few  shreds  of  fibrin,  obtained  by  whipping  blood,  after 
being  thoroughly  washed  and  boiled  and  thus  by  the  boiling 
coagulated,  be  thrown  into  a  quantity  of  gastric  juice,  and  the 
mixture  be  exposed  to  a  temperature  of  from  35®  to  40®  C,  the 
fibrin  will  speedily,  in  some  cases  in  a  few  minutes,  be  dissolved. 
The  shreds  first  swell  up  and  become  transparent,  then  gradually 
dissolve,  and  finally  disappear  with  the  exception  of  some  granular 
debris,  the  amount  of  which,  though  generally  small,  varies  accord- 
ing to  circumstances.  If  raw,  that  is  unboiled,  uncoagulated  fibrin 
be  employed  the  same  changes  may  be  observed,  but  they  take 
place  much  more  rapidly. 

If  small  morsels  of  coagulated  albumin,  such  as  white  of  egg, 
be  treated  in  the  same  way,  the  same  solution  is  observed.  The 
pieces  become  transparent  at  their  surfaces ;  this  is  especially  seen 
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at  the  edges,  which  gradually  become  rounded  down ;  and  solution 
steadily  progresses  from  the  outside  of  the  piece  inwards. 

If  any  other  form  of  coagulated  albumin  {e.g.  precipitated 
acid-  or  alkali-albumin,  suspended  in  water  and  boiled)  be  treated 
in  the  same  way,  a  similar  solution  takes  place.  The  readiness, 
with  which  the  solution  is  eflfected,  will  depend,  cceteris  paribus, 
on  the  smallness  of  the  pieces,  or  rather  on  the  amount  of  surface 
as  compared  with  bulk,  which  is  presented  to  the  action  of  the  juice. 

Gastric  juice  then  readily  dissolves  coagulated  proteids,  which 
otherwise  are  insoluble,  or  soluble  only,  and  that  with  difficulty,  in 
very  strong  acids. 

When  proteids,  which  are  soluble  in  water  or  in  dilute  acid^ 
are  treated  with  gastric  juice,  no  visible  change  takes  place; 
but  nevertheless,  it  is  found  on  examination  that  the  solutions 
have  undergone  a  remarkable  change,  the  nature  of  which  i& 
easily  seen  by  contrasting  it  with  the  change  eflfected  by  dilute 
acid  alone.  If  raw  white  of  egg,  largely  diluted  with  water 
and  strained,  be  treated  with  a  suflScient  quantity  of  dilute 
hydrochloric  acid,  the  opalescence  or  turbidity  which  appeared 
in  the  white  of  egg  on  dilution  (and  which  is  due  to  the 
precipitation  of  various  forms  of  globulin  accompanjdng  the 
egg-albumin  in  the  raw  white)  disappears,  and  a  clear  mixture 
results.  If  a  portion  of  the  mixture  be  at  once  boiled,  a  large 
deposit  of  coagulated  albumin  occurs.  If,  however,  the  mixture 
be  exposed  to  50°  or  55®  C.  for  some  time,  the  amount  of  coagulation 
which  is  produced  by  boiling  a  specimen  becomes  less,  and,  finally, 
boiling  produces  no  coagulation  whatever.  By  neutralisation, 
however,  the  whole  of  the  albumin  (with  such  restrictions  as  the 
presence  of  certain  neutral  salts  may  cause)  may  be  obtained  in 
the  form  of  acid-albumin,  the  filtrate  after  neutralisation  containing 
no  proteids  at  all  (or  a  very  small  quantity).  Thus  the  whole  of 
the  albumin  present  in  the  white  of  egg  may  be,  in  time,  converted, 
by  the  simple  action  of  dilute  hydrochloric  acid,  into  acid-albumin. 
Serum-albumin  similarly  treated  undergoes,  in  course  of  time  a 
similar  conversion  into  acid-albumin,  and  we  have  already  seen 
(§  59)  that  solutions  of  myosin  or  of  any  of  the  globulins  are  with 
remarkable  rapidity  converted  into  acid-albumin.  Thus  simple 
dilute  hydrochloric  of  the  same  degree  of  acidity  as  gastric  Juice, 
merely  converts  these  proteids  into  acid-albumin,  the  rapidity  of 
the  change  diflfering  with  the  diflFerent  proteids,  being  in  some 
cases  very  slow,  and  requiring  a  relatively  high  temperature. 

If  the  same  white  of  egg  or  serum-albumin  be  treated  with 
gastric  juice  instead  of  simple  dilute  hydrochloric  acid,  the  events- 
for  some  time  seem  the  same.  Thus  after  a  while  boiling  causes 
no  coagulation,  while  neutralisation  gives  a  considerable  precipitate 
of  a  proteid  body,  which,  being  insoluble  in  water  and  in  sodium 
chlonde  solutions,  and  soluble  in  dilute  alkali  and  acids,  at  least 
closely  resembles  acid-albumin.     But  it  is   found   that  only  a 
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portion  of  the  proteid  originally  present  in  the  white  of  egg  or 
serum-albumin  can  thus  be  regained  by  precipitation.  Though 
the  neutralisation  be  carried  out  with  the  greatest  care  it  will  be 
found,  on  filtering  oif  the  neutralisation  precipitate,  that  is  the 
acid-albumin,  that  the  filtrate,  as  shewn  on  employing  the  various 
tests  for  proteid  (see  §  15)  or  on  adding  an  adequate  quantity  of 
strong  alcohol,  still  contains  a  very  considerable  quantity  of  proteid 
matter ;  and,  on  the  whole,  the  longer  the  digestion  is  carried  on, 
the  greater  is  the  proportion  borne  by  the  proteid  remaining  in 
solution  to  the  precipitate  thrown  down  on  neutralisation ;  indeed, 
in  some  cases  at  all  events,  all  the  proteid  matter  originally 
present  remains  in  solution,  and  there  is  no  neutralisation 
precipitation  at  all,  or  at  most  a  wholly  insignificant  one. 

§  203.  The  proteid  matter,  thus  remaining  in  solution  after 
neutralisation,  differs  from  all  the  proteids  which  we  have  hitherto 
studied  in  as  much  as,  though  existmg  in  a  neutral  solution,  it  is  not 
coagulated  by  heat,  like  the  egg-albumin  or  serum-albumin  from 
which  it  has  been  produced  ;  the  solution,  after  the  neutralisation 
precipitate  has  been  filtered  off,  remains  quite  clear  when  boiled. 
The  only  other  solutions  of  proteids  which  do  not  coagulate  on 
boiling  are  solutions  of  acid  or  alkali-albumin ;  but  these  solutions 
must  oe  acid  or  alkali  respectively ;  the  acid-albumin  or  alkali- 
albumin  is  insoluble  in  a  neutral  solution,  and  when  simply 
suspended  in  water  is  readily  coagulated  at  a  temperature  of  75®. 
This  new  proteid  matter  of  which  we  are  speaking  is  soluble  in 
neutral  solutions,  indeed  in  distilled  water,  and  can  under  no 
circumstances  be  coagulated  by  heat. 

Upon  examination  we  finci  that  the  new  proteid  matter  thus 
left  in  solution  consists  of  at  least  two  distinct  proteid  bodies.  If 
to  the  solution  ammonium  sulphate  be  added,  part  of  the  proteid 
matter  i»  precipitated  while  part  is  still  left  in  solution.  The 
proteid  body  thus  thrown  down  is  called  albumose  (there  are 
several  varieties  of  albumose  but  these  need  not  now  deta.in  us).  It 
approaches  albumin  in  nature  by  reason  of  the  fact  that  it  will  not 
diffuse  through  membranes;  that  it  differs  however  widely  from 
that  proteid  is  shewn  by  its  solutions  not  coagulating  on  boiling. 
The  body  which  is  not  thrown  down  by  ammonium  sulphate  is 
called  peptone ;  it  differs  from  albumose  in  being  diffusible,  for  it 
will  pass  through  membranes.  The  diffusion  is  not  nearly  so  rapid 
;is  that  of  salts,  sugar,  and  other  similar  substances ;  indeed  solu- 
tions of  peptones  may  be  freed  from  salts  by  dialysis.  But  it  is 
very  marked  as  compared  with  that  of  other  proteids ;  these  pass 
through  membranes  with  the  greatest  difficulty,  if  at  all.  Peptone 
is  insoluble  in  alcohol,  and  may  be  precipitated  from  its  solutions 
by  the  addition  of  an  adequate  quantity  of  this  reagent ;  but  for 
this  purpose  a  very  large  excess  of  alcohol  is  needed,  otherwise 
much  of  the  peptone  remains  in  solution.  It  may  be  kept  under 
alcohol  for  a  long  time  without  undergoing  change,  whereas  other 
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prAsr/i-  ar*r  iL-ors:  or  l*s?  s^otIv  c:*jria*ei  by  al-M-h-zi  A  useful 
VAZ  P^  ji*:pv>te  is  fuixiiah-ifi  bv  Th*  Jae^  rha:  a  sU'lad.:*!!  of  peptone, 
tiiixrii  "^i'.h  a  «::r>tg  »>Iu::->q  •>:  ca^isiic  p:-:a5L  gives  on  addition 
f#j  a  r:>;:T«r  tnoe  of  <ripfic  sulphaze  in  the  (»Id  a  pink  colour, 
whr:T*si«  o^htr  proteids  give  a  riofef  coi-^^ir.  In  appljing  this  test 
boT^T^r  cafie  most  b!r  taken  not  t«>  add  :*x*  much  cupric  sulphate 
Hrj#%  in  that  ca^  a  violet  colour,  de^p-ening  •:<!  boiling,  that  is  the 
ordizcafT  pr^t^id  reiaction  'see  §  15  .  is  obuunel 

There  arp  PE^asons  for  thinking  that  there  aze  several  kinds 
or  at  leant  more  than  one  kind  of  pept*>ne :  but  we  may  for  the 
pref^iut  regard  the  substance  as  one.  For  a  long  time  albumose 
vai!  cr>nfouride^l  with  peptone,  and  many  of  the  commercial  forms 
'/f  "fyrptone'*  coLsLst  largely  of  albumase:  indeed  the  two  are 
cK>seiy  allied  and  have  many  reactions  in  common,  the  most 
irtrikin;^  differences  being  that  peptone  is  4idfusible.  while  albu- 
Tij^/^;  L^  liOt,  or  hanlly  at  all,  and  that  peptone  is  not  like  albumose 
pre^ripitat^rd  by  ammonium  sulphate.  The  amount  of  albumose 
apfj'raring  in  a  digeTftion  experiment,  relative  to  the  amount  of 
true  [j'rptone,  depends  on  the  activity  of  the  juice,  and  other 
cirmirrLStancr^.  We  may  regard  albumose  as  a  less  complete  pro* 
duct  of  dige.stion  than  peptone. 

The  precipitate  thrown  down  by  neutralisation  after  the  action 
of  gastric  juice  on  egg-  or  serum-albumin  resembles,  in  its  general 
chara^rters,  acid-albumin.  Since,  however,  it  probably  is  distin- 
gtjbshable  from  the  body  or  bodies  produced  by  the  action  of 
Himple  acid  on  muscle  or  white  of  egg.  it  is  best  to  resene  for  it 
the  name  of  jxirapeptoue,  which  was  originally  applied  to  it. 

Thus  the  digestion  by  gastric  juice  of  solutions  of  egg-albumin 
or  M:nim -albumin  results  in  the  conversion  of  all  the  proteids 
pre-H^mt  into  [Krptone,  albumose  and  parapeptone,  of  which  the  first 
may  !>*;  considered  as  the  final  and  chief  product,  and  the  other 
two  as  intenneiliate  products,  occurring  in  varying  quantity,  pos- 
Hibly  not  always  fonned,  and  probably  of  secondarj*  importance. 
When  fibrin,  either  raw  or  boiled,  or  any  form  of  coagulated 
prr>teid  is  dissolved  and  seems  to  disappear  under  the  influence 
of  gastric  juice,  the  same  products,  peptone,  albumose  and  para- 
fKjptone  make  their  appearance.  The  same  bodies  result  when 
myosin  or  any  of  the  globulins  are  subjected  to  the  action  of  the 
juif:<;;  and  acid-albumin  or  alkali-albumin  is  similarly  converted 
into  albumose  and  peptone. 

It  is  obvious  that  the  effect  of  the  action  of  the  gastric  juice 
is  to  change  the  less  soluble  proteid  into  a  more  soluble  form,  the 
change  Ix.dng  either  completed  up  to  the  stage  of  peptone,  the 
most  soluble  of  all  proteids,  or  being  left  in  part  incomplete. 
This  will  be  ncan  from  the  following  tabular  iurangement  of 
proteids  according  to  their  solubilities. 
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Soluble  in  distilled  waJtei\ 

Aqueous  solutions  not  coagulated  on  boiling. 

Diffusible Peptone. 

Not  diffusible Albumose. 

Aqueous  solutions  coagulated  on  boiling       .     Albumin. 

Insoluble  in  distilled  water. 

Readily   soluble   in  dilute   saline   solutions 

(NaCl  1  percent.)         ....     Globulins. 

Soluble   only   in   stronger    saline    solutions 

(NaCl  5  to  10  p. c.)        .  Myosin. 

Insoluble  in  dilute  saline  solutions. 

Readily  soluble  in  dilute  acid  (HCl  -1  p.c.)     f  AiVnif  alK^^mii 


in  the  cold 


n  Alkali-albumin. 
[Casein. 


Soluble  with  difficulty  in  dilute  acid,  that  is 
at  high  temperature  (60'*C.)  and  after 
prolonged  treatment  only      .  .     Fibrin. 

Insoluble   in  dilute   acids,  soluble   only   in 

strong  acids Coagulated  Proteid. 

Milk  when  treated  with  gastric  juice  is  first  of  all  "  curdled." 
This  is  the  result  partly  of  the  action  of  the  free  acid  but  chiefly 
of  the  special  action  of  a  particular  constituent  of  gastric  juice,  of 
which  we  shall  speak  hereafter.  The  curd  consists  of  a  particular 
proteid  matter  mixed  with  fat;  and  this  proteid  matter  is  sub- 
sequently dissolved  with  the  same  appearance  of  peptone,  albu- 
mose and  parapeptone  as  in  the  case  of  other  proteids.  In  fact, 
the  digestion  by  gastric  juice  of  all  the  varieties  of  proteids 
consists  in  the  conversion  of  the  proteid  into  peptone,  with  the 
concomitant  appearance  of  a  certain  variable  amount  of  albumose 
and  parapeptone. 

§  204.  Circumstances  affecting  gastric  digestion.  The  solvent 
action  of  gastric  juice  on  proteids  is  modified  by  a  variety  of  cir- 
cumstances. The  nature  of  the  proteid  itself  makes  a  difference, 
though  this  is  determined  probably  by  physical  rather  than  by 
chemical  characters.  Hence  in  making  a  series  of  comparative 
trials  the  same  proteid  should  be  useo,  and  the  form  of  proteid 
most  convenient  for  the  purpose  is  fibrin.  If  it  be  desired  simply 
to  ascertain  whether  any  given  specimen  has  any  digestive  powers 
at  all,  it  is  best  to  use  boiled  fibrin,  since  raw  fibrin  is  eventually 
dissolved  by  dilute  hydrochloric  acid  alone,  probably  on  account  of 
some  pepsin  previously  present  in  the  blood  becoming  entangled 
vdth  the  fibrin  during  clotting.      But   in   estimating   quantita- 
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tively  the  peptic  power  of  two  specimens  of  gastric  juice  under 
different  conditions,  raw  fibrin  prepared  by  Griitzner  s  method  i& 
the  most  convenient. 

Portions  of  well  washed  fibrin  are  stained  with  carmine  and  agam 
washed  to  remove  the  superfluous  colouring  matter.  A  fragment  of 
this  coloured  fibrin  thrown  into  an  active  juice  on  becoming  dissolved, 
gives  up  its  colour  to  the  fluid.  Hence  if  the  same  stock  of  coloured 
fibrin  be  used  in  a  series  of  experiments,  and  the  same  bulks  of  fibrm 
and  of  fluid  be  used  in  each  case,  the  amount  of  fibrin  dissolved  may 
be  fairly  estimated  by  the  depth  of  tint  given  to  tlie  fluid.  Fibrin  thus 
coloured  with  carmine  may  be  preserved  in  ether. 

Since,  if  sufficient  time  be  allowed,  even  a  small  quantity  of 
gastric  juice  will  dissolve  at  least  a  very  large  if  not  an  indefinite 
quantity  of  fibrin,  we  are  led  to  take,  as  a  measure  of  the  activity 
of  a  specimen  of  gastric  juice,  not  the  quantity  of  fibrin  which  it 
will  ultimately  dissolve,  but  the  rapidity  with  which  it  dissolves  a 
given  quantity. 

The  greater  the  surface  presented  to  the  action  of  the  juice,  the 
more  rapid  the  solution ;  hence  minute  division  and  constant  move- 
ment favour  digestion.  And  this  is  probably,  in  part  at  least,  the 
reason  why  a  fragment  of  spongy  filamentous  fibrin  is  more  readily 
dissolved  than  a  solid  clump  of  boiled  white  of  egg  of  the  same  size. 
Neutralisation  of  the  juice  wholly  arrests  digestion ;  fibrin  may  be 
submitted  for  an  almost  indefinite  time  to  the  action  of  neutralised 
gastric  juice  without  being  digested.     If  the  neutralised  juice  be 

Eroperly  acidified,  it  may  again  become  active ;  when  gastric  juice 
owever  has  been  made  alkaline,  and  kept  for  some  time  at  a 
temperature  of  35**,  its  solvent  powers  are  not  only  suspended  but 
actually  destroyed.  Digestion  is  most  rapid  with  dilute  hydrochloric 
acid  of  2  p.c.  (the  acidity  of  natural  gastric  juice).  If  the  juice 
contains  much  more  or  much  less  free  acid  than  this,  its  activity  is 
distinctly  impaired.  Other  acids,  lactic,  phosphoric,  &c.  may  be 
substituted  for  hydrochloric ;  but  they  are  not  so  eiBFectual,  and  the 
degree  of  acidity  most  useful  varies  with  the  different  acids.  The 
presence  of  neutral  salts,  such  as  sodium  chloride,  in  excess  is 
mjurious.  The  action  of  mammalian  gastric  juice  is  most  rapid  at 
35" — 40°  C;  at  the  ordinary  temperature  it  is  much  slower,  and  at 
about  0"  C.  ceases  altogether.  The  juice  may  be  kept  however  at 
0**C.  for  an  indefinite  period  without  injury  to  its  powers.  The 
gastric  juice  of  cold-blooded  vertebrates  is  relatively  more  active 
at  low  temperatures  than  that  of  warm-blooded  mammals  or  birds. 
At  temperatures  much  above  40'^  or  45*^  the  action  of  the  juice 
is  impaired.  By  boiling  for  a  few  minutes  the  activity  of  the  most 
powerful  juice  is  irrevocably  destroyed.  The  presence  in  a  concen- 
trated form  of  the  products  of  digestion  hinders  the  process  of  solu- 
tion. If  a  large  quantity  of  fibnn  be  placed  in  a  small  quantity  of 
juice,  digestion  is  soon  arrested ;  on  dilution  with  the  normal  hy- 
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drochloric  acid  (2  p.c.),  or  if  the  mixture  be  submitted  to  dialysis 
to  remove  the  peptones  formed,  and  its  acidity  be  kept  up  to  the 
normal,  the  action  recommences.  By  removing  the  products  of 
digestion  as  fast  as  they  are  formed,  and  by  keeping  the  acidity  up 
to  the  normal,  a  given  amount  of  gastric  juice  may  be  made  to 
digest  a  very  large  quantity  of  proteid  material.  Whether  the 
quantity  is  really  unlimited  is  disputed;  but  in  any  case  the 
energies  of  the  juice  are  not  rapidly  exhausted  by  the  act  of 
digestion. 

§  206.  Nature  of  the  action.  All  these  facts  go  to  shew  that 
the  digestive  action  of  gastric  juice  on  proteids,  like  that  of  saliva  on 
starch,  is  a  ferment-action ;  in  other  words,  that  the  solvent  action 
of  gastric  juice  is  essentially  due  to  the  presence  in  it  of  a  ferment- 
body.  To  this  ferment-body,  which  as  yet  has  been  only  ap- 
proximately isolated,  the  name  of  pepsin  has  been  riven.  It  is 
present  not  only  in  gastric  juice  but  also  in  the  glands  of  the 
gastric  mucous  membrane,  especially  in  certain  parts  and  under 
certain  conditions  which  we  shall  study  presently.  The  glycerine 
extract  of  gastric  mucous  membrane,  at  any  rate  of  that  which  has 
been  dehydrated,  contains  a  minimal  quantity  of  proteid  matter, 
and  yet  is  intensely  peptic.  Other  methods,  such  as  the  elaborate 
one  of  Brlicke,  give  us  a  material  which,  though  containing  nitrogen, 
exhibits  none  of  the  ordinary  proteid  reactions,  and  yet  in  concert 
with  normal  dilute  hydrochloric  acid  is  peptic  in  a  very  high 
degree.  We  seem  therefore  justified  in  asserting  that  pepsin  is  not 
a  proteid,  but  it  would  be  hazardous  to  make  any  dogmatic  state- 
ment concerning  a  substance,  obtained  in  so  small  a  quantity 
at  a  time  that  its  exact  chemical  characters  have  not  yet  been 
ascertained.  At  present  the  manifestation  of  peptic  powers  is  our 
only  safe  test  of  the  presence  of  pepsin. 

In  one  important  respect  pepsin,  the  ferment  of  gastric  juice, 
differs  from  ptyalin,  the  ferment  of  saliva.  Saliva  is  active  in  a  per- 
fectly neutral  medium,  and  there  seems  to  be  no  special  connection 
between  the  ferment  and  any  alkali  or  acid.  In  gastric  juice, 
however,  there  is  a  strong  tie  between  the  acid  and  the  ferment, 
so  strong  that  some  writers  speak  of  pepsin  and  hydrochloric 
acid  as  forming  together  a  compound,  pepto-hydrochloric  acid. 

In  the  absence  of  exact  knowledge  of  the  constitution  of 
proteids,  we  cannot  state  distinctly  what  is  the  precise  nature  of 
the  change  into  peptone;  the  various  proteids  differ  from  each 
other  in  elementary  composition  quite  as  widely  as  does  peptone 
from  any  of  them.  Judging  from  the  analogy  with  the  action  of 
saliva  on  starch,  we  may  fairly  suppose  that  the  process  is  at 
bottom  one  of  hydration ;  and  this  view  is  further  suggested  by 
the  fact  that  peptone  closely  resembling,  if  not  identical  with,  that 
obtained  by  gastric  digestion,  may  be  obtained  by  the  action  of 
strong  acids,  by  the  prolonged  action  of  dilute  acids  especially  at 
a  high  temperature,  or  simply  by  digestion  with   super-heated 
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water  iu  a  Papm*s  digester,  that  is  to  say  by  means  of  agents 
which,  ill  other  cases  produce  their  eflFects  by  bringing  about 
hytirolytic  changes;  beyond  this  we  cannot  at  present  go.  We 
inay  add  however,  as  supporting  ihe  same  view,  the  statement 
of  Si>iiio  observers  that  peptone  when  treated  with  dehydrating 
agents  or  when  simply  heated  to  140* — 170^C.  is  in  part  recon- 
vorteil  into  a  Kxly  or  bodies  resembling  acid-albumin  or  globulin. 

§  206.  All  proteids,  s<^  fiir  as  we  know,  are  converted  by  pepsin 
into  |H^ptone.  Concerning  the  action  of  gastric  juice  on  other 
nitn^gi^nous  snUsitances  morv  or  le«  allied  to  proteids  but  not 
truly  prtueid  in  natuiv  our  knowledge  is  at  present  imperfect 
Mucin,  nuclein,  and  the  chemical  basis  of  homy  tissues  are  wholly 
umiftVvtiHl  by  gastric  juice.  The  gelatiniferous  tissues  are  dissolved 
by  it ;  and  the  bundles  and  membranes  of  connective  tissue  are 
vorj*  siKVilily  s^.^  far  affected  by  it.  that  at  a  very  early  stafi^  of 
dig^^stion,  the  buudU^  and  elementary  fibres  of  muscle  which  are 
biHiud  tin;jx>thor  by  cvHinoctive  tisisiue  Ml  asunder ;  mcw^eover  both 
pn^|vir\Hl  gx^latine  and  the  gelatinifen>us  basis  of  connective  tissue 
m  its  natural  c\nuiition.  that  is  without  being  previously  heated 
with  water,  aiv  by  it  chang^xi  into  a  substance  so  &r  analogous 
with  wptoue.  that  the  characteristic  prv^perty  of  gelatinisation  is 
ontinMy  K>st.  Ohondrin  and  the  elastic  ti:si>ues  undergo  a  similar 
chaugi\  It  is  not  clear  however  how  6ur  this  change  t  due  simply 
to  the  acid  v»f  g^istric  juicx^  :i;de|>^nviently  of  the  pepsin. 

§S07.  *4rfu>'*  i/\t;!.?v<fmVjM"tY  ■.\H  wi!l\  It  has  long  been  known 
that  an  infusivMi  of  i^hvs*  stomach,  called  nwuirf,  has  a  remarkable 
otRvt  in  rapidly  ourvlling  milk,  ai^i  :his  pr>[wny  is  made  use  of  in 
the  manutav*tu!\*  of  ohivs<\  Gascrrio  Juice  has  a  similar  effect; 
milk  when  subjoct^xi  to  the  action  c^f  erasure  juic^  is  first  ciudled 
and  then  dic^stixl.  It  a  few  div>w  of  gastric  juic^  be  added  to  a 
little  milk  iu  a  tost  :ulx\  and  the  niix:;=iv  ex|x>?ed  to  a  tempera- 
tun"  ot*  -U^.  the  milk  >*:'l  curvile  into  a  c»:-mplete  clot  in  a  very 
short  time.  If  the  av-tix^n  K*  c^>:;tinxuxi  ;i:-e  curvi  or  clot  will  be 
nltimatoly  di^js^^lvevi  auvi  viUv's:t\i  Milk  coiiTaiiia?^  besides  a  peculiar 
(vvrtM.  \^r  |yvi:l;Hr  tonus  ot  albuaii:..  firs,  milk-sugar  and  various 
S5iuau^  the  jxvuliar  yrv^:<:v:  ,"xk«ir5s.  In  aarural  milk  casein  is 
j^^s^nit  in  A^Uuivnu  and  *  ci:rvr.:v.j:  \vo»s:>:s  es^niially  in  the  soluble 
CAA'in  Iviuji:  Kvuvert^vl  xor  tv..ni  vr.*bi*b>  as  we  shall  se^  fvctsently, 
spU:  up"^  :u:v^  ar.  iv.^^^IuMc  r.VAur.oa::;!!  v^*  casein,  which  as  it  is 
K^inj:  }v\v:pi:a:o\i  v':wTits  viowv.  w::h  ::  a  iT>»^  Otai  of  the  fiit  and 
:i^^  K>nv.s  :ho  "  ouni  \  Now  v-:&?<ir.  is  r^dkiily  rn?cip£:a:ed  fiom  milk 
ujxnv  :ho  av:vV.::o;i  ot  a  s::v*ll  4/.:Ai'.:::y  oi'  jicid.  arid  it  might  be 
stipjv>e5<\:  :ha:  :ho  c v.r\:/.vc  ^Siv:  vf  cJ^ri*  fuivv  w*?  due  to  its 
acid  r\'civ'::or.      Hv.:   this   :s  :v.  •  :>.-::  v:i^\  r-:r  ::<^i::ialijied  gastric 
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xis<  K'i  :o>vy<r*:x:r\^  v.y  :o  ,\Ks::  4«,^     Mortw-.r  :hte'  ct:niling activ^n 


Chap,  l]    TISSUES  .AND  MECHANISMS  OF  DIGESTION.    375 

is  destroyed  by  previous  boiling  of  the  juice  or  rennet.  These 
facts  suggest  that  a  ferment  is  at  the  bottom  of  the  matter ;  and 
indeed,  all  the  features  of  the  action  support  this  view.  Moreover, 
as  a  matter  of  fact,  a  curdling  ferment  may  be  extracted  by 
glycerine  and  by  the  other  methods  used  for  preparing  ferments. 
The  ferment  however  is  not  pepsin  but  some  other  body ;  and  the 
two  may  be  separated  from  each  other.  If  magnesium  carbonate 
in  powder  be  cautiously  added  to  gastric  juice  or  to  an  infusion  of 
calves'  stomach  a  copious  precipitate  is  formed  If  the  addition 
of  ma^esium  carbonate  be  stopped  as  soon  as  any  further  pre- 
cipitation ceases  to  be  caused  by  it,  and  the  mixture  be  allowed 
to  stand,  the  clear  fluid  left  above  the  precipitate  will  be  found 
to  curdle  milk  readily,  but  even  when  acidified  to  have  no  peptic 
action  on  proteids,  shewing  that  the  precipitate  caused  by  the 
addition  of  the  magnesium  carbonate  has  carried  down  all  the 
pepsin  but  left  behind  at  least  a  good  deal  of  the  'curdling'  or 
rennet-ferment. 

It  might  be  thought  that  the  rennet-ferment,  rennin  we  may 
call  it,  acted  by  inducing  a  fermentation  in  the  sugar  of  milk, 
giving  rise  to  lactic  acid  which  precipitated  the  casein  by  virtue 
of  its  being  an  acid.  But  this  view  is  disproved  by  the  following 
facts  which  shew  that  the  ferment  produces  its  curdling  effect  by 
acting  directly  on  the  natural  casein  itself  Casein  may  be  pre- 
cipitated unchanged,  that  is  capable  of  redissolving  in  water  (the 
presence  of  calcic  phosphate  being  assumed)  by  saturating  milk 
with  neutral  saline  bodies  (such  as  sodium  chloride  or  magnesium 
sulphate) ;  and  by  being  precipitated  and  redissolved  more  than 
once  may  be  obtained  largely  free  from  fat  and  wholly  free  from 
milk-sugar.  Such  solutions  of  isolated  casein  freed  from  milk- 
sugar  may  be  made  to  curdle  like  natural  milk  by  the  addition 
of  rennin,  shewing  that  the  milk-sugar  has  nothing  to  do  with 
the  matter.  Moreover  the  precipitate  thrown  down  from  milk 
by  dilute  acids,  lactic  acid  included,  is  itself  unaltered  or  very 
slightly  altered  casein  not  curd,  and  with  care  may  be  so  pre- 
pared as  to  be  redissolved  into  solutions  which  curdle  with  rennin, 
like  solutions  of  casein  prepared  by  means  of  neutral  salts. 

When  isolated  casein  is  curdled  by  means  of  rennin  two 
proteids,  it  is  stated,  make  their  appearance,  one  which  is  soluble 
and  allied  to  albumin,  and  another,  which  is  insoluble  and 
forms  the  curd.  Curdling  therefore  according  to  this  result 
appears  to  be  the  splitting  up  by  a  fennent  of  a  more  complex 
body ;  and  it  is  interesting  to  observe,  as  perhaps  throwing  light 
on  the  somewhat  analogous  formation  of  fibrin,  that  this  curdling 
action  will  not  take  place  if  calcic  phosphate  be  wholly  absent 
from  the  mixture.  The  calcic  phosphate  appears  to  play  a  peculiar 
part  in  determining  the  insolubility  of  the  curd,  for  there  is 
evidence  that  in  the  absence  of  calcic  phosphate  the  fennent  has 
power  to  attack  the  casein  and  split  it  up,  but  that  both  products 
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remain  in  solution ;  if  calcic  phosphate  be  present;  the  one,  viz. 
the  curd\  becomes  insolubla 

Rennin  is  abundant  in  the  gastric  juice  and  in  the  gastric 
mucous  membrane  of  ruminants,  but  is  also  found  in  the  gastric 
juice  of  other  animals,  and  either  it,  or  what  we  shall  presently 
have  occasion  to  speak  of  as  the  antecedent  of  the  ferment  or 
zymogen  is  present  also  in  the  mucous  membrane  of  the  stomach 
of  most  animals.  A  very  similar  if  not  identical  ferment  has  also 
been  found  in  many  plants. 

^  It  might  be  useful,  in  order  to  distinguish  the  ourd  firom  the  natural  soluble 
casein,  to  caW  the  former  tyrein  (rvp^f,  cheese),  and  so  reserve  the  name  of  casein 
for  the  latter. 


SEC.  2.  THE  STRUCTURE  OF  THE  SALIVARY  GLANDS, 
THE  GASTRIC  MUCOUS  MEMBRANE,  THE  PANCREAS, 
AND  THE  (ESOPHAGUS. 


§  208.  Before  we  study  the  nature  of  the  processes  by  which 
the  stomach  and  the  salivaiy  glands  are  able  to  secrete  the  gastric 
juice  and  saliva,  whose  remarkable  properties  we  have  just  described, 
it  will  be  desirable  to  say  a  few  words  on  the  structure  of  both  the 
above  organs. 

Throughout  the  greater  part  of  its  length,  from  the  cardiac 
end  of  the  oesophagus  to  near  the  anus,  the  alimentary  canal  is 
constructed  on  a  certain  general  plan.  This  part  of  the  alimentary 
canal  is  formed  out  of  the  mid-gut  of  the  embryo,  and  the  epithelium 
which  lines  it  is  of  hypoblastic  origin.  The  mouth  and  the  anus 
have  a  diflferent  origin;  they  are  formed  by  involutions  of  the 
external  skin,  the  epithelium  of  which  is  of  epiblastic  origin ;  and 
the  plan  of  structure  of  the  mouth  and  terminal  portion  of  the 
rectum  is  in  some  respects  different  from  that  of  the  rest  of  the 
alimentary  canaL  The  transition  from  the  epiblastic  to  the  hypo- 
blastic canal  occurs  in  the  rectum  at  the  anus,  but  at  the  other 
end  is  at  some  distance  from  the  mouth  close  to  the  junction  of  the 
oesophagus  with  the  stomach. 

The  plan  of  structure  of  the  hypoblastic  portion  of  the  canal  is 
somewhat  as  follows. 

A  single  layer  of  cylindrical,  columnar,  cubical  or  spheroidal 
"  protoplasmic"  cells,  that  is  to  say  cells  which  are  not  transformed 
into  flattened  scales,  forms  the  immediate  lining  of  the  cavity. 
The  cells  rest  on  a  connective  tissue  basis,  which  is  fine,  delicate 
and  often  of  a  peculiar  nature  immediately  under  the  epithelium, 
but  becomes  more  open,  loose  and  coarse  at  some  little  distance 
from  the  cells.  This  connective  tissue  basis  is  richly  provided 
with  blood  vessels  and  lymphatics,  and  also  contains  a  certain 
number  of  nervea  The  blood  vessels  reach  up  to,  and  fine 
capillary  networks  are  especially  abundant  immediately  beneath, 
the  bases  of  the  cells,  but  none  pass  between  the  cells  themselves ; 
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the  whole  of  the  epithelium  is  extra-vascular.  The  connective 
tissue  where  it  touches  the  cells  forms  a  more  or  less  continuous 
sheet;  this  is  often  spoken  of  as  the  basement  membrane  and 
may  be  regarded  as  the  demarcation  between  the  extra-vascular 
epithelium  and  the  vascular  connective  tissue  basia  The  two 
together,  the  epithelium  and  the  connective  tissue  basis,  form  what 
is  Known  as  the  mucous  membrane. 

At  the  bases  of  the  cylindrical  cells,  wedged  in  between  them 
and  the  basement  membrane,  may  be  seen,  in  certain  situations 
distinctly,  in  other  situations  less  distinctly,  small  cells,  that  is  to 
say  cells  the  body  of  which  is  small  relatively  to  the  nucleus. 
These  are  supposed  to  be  young  cells,  held  in  reserve  to  replace 
any  of  the  larger  cylindrical  cells  which  may  from  time  to  time 
disappear;  if  so  the  epithelium  does  not  strictly  consist  always 
of  a  smgle  layer,  though  practically  it  may  be  so  regarded 

Outside  the  mucous  membrane  or  mucous  coat  is  placed  the 
thick  muscular  coat.  This  consists  of  two  layers  of  plain  muscular 
fibres,  an  inner  thicker  layer,  in  which  the  fibres  and  bundles  of 
fibres  are  disposed  circularly  round  the  lumen  of  the  alimentarj^ 
canal,  and  an  outer  thinner  one  in  which  the  fibres  are  disposed 
longitudinally.  The  bundles  and  sheets  of  fibres  (see  §  89)  are 
bound  together  by  connective  tissue  carrying  blood  vessels,  lym- 

f)hatics  and  nerves,  and  a  thin  sheet  of  connective  tissue  more  or 
ess  distinctly  separates  the  thicker  inner  circular  muscular  coat 
from  the  thinner  outer  longitudinal  muscular  coat. 

The  lower  or  outer  part  of  the  mucous  membrane  where  it 
becomes  attached  to  the  muscular  coat  is  formed  of  very  loose 
connective  tissue,  the  interspaces  of  the  bundles  being  large  and 
open.  This  is  spoken  of  £us  the  submucous  tissue  or  subrnucous 
coat.  It  is  so  loose  that  the  mucous  coat  can  easily  move  over  the 
muscular  coat,  and  along  it  the  one  can  easily  be  torn  away  from 
the  other,  more  easily  in  some  parts  of  the  canal  than  in  others. 
It  carries  the  larger  arteries  and  veins,  whose  smaller  branches 
and  capillaries  pass  into  and  from  the  mucous  membrane.  Lying 
in  the  mucous  membrane  at  some  little  distance  from  the  epithelium 
is  found  a  thin  layer  of  plain  muscular  fibres,  called  the  tunica 
muscularis  mucosce.  It  is  more  conspicuous  in  some  situations 
than  in  others,  and  when  complete  consists  of  an  inner  single  layer 
of  fibres  disposed  circularly  and  an  outer  single  layer  of  fibres 
disposed  longitudinally.  The  connective  tissue  on  the  inside  of 
the  muscularis  mucosa3,  between  it  and  the  epithelium,  is  generally 
of  a  somewhat  different  character  from  that  outside  the  muscularis 
mucosae,  and  many  places  is  of  the  kind  called  adenoid  or  retictdar 
tissue ;  of  this  we  shall  hereafter  have  to  speak. 

Lastly,  from  the  stomach  to  the  rectum  the  muscuhir  coat  of 
the  alimentary  canal  is  covered  by  the  visceral  layer  of  the  peri- 
toneum. This  consists  of  a  single  layer  of  polygonal  tiattened 
nucleated  epithelioid  cells  (belonging  in  reality  as  we  shall  see  to 
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the  lymphatic  system)  resting  on  a  thin  connective  tissue  basis 
which  separates  them  from  the  longitudinal  muscular  coat. 

The  general  plan  of  structure  of  the  alimentary  canal  then,  in 
its  hjT)oblastic  portion,  is  a  compact  muscular. coat  separated  by  a 
loose  more  or  less  moveable  submucous  coat  from  a  fairly  compact 
mucous  coat.  The  mucous  coat  consists  of  a  vascular  connective 
tissue  basis,  in  which  is  embedded  a  thin  special  muscular  sheet, 
and  of  a  single  layer  of  special  hypoblastic  epithelial  cells.  The 
muscular  coat  consists  of  a  thick  inner  circular  and  a  thin  outer 
longitudinal  layer  of  plain  muscular  fibres;  and  the  whole  is  covered 
with  an  epithelioid  peritoneal  layer. 

§  209.  Glands.  The  surface  of  the  mucous  membrane  however 
is  not  even  and  unbroken.  It  dips  down  at  intervals,  that  is  to  say 
it  is  involuted  to  form  pockets  or  depressions  sunk  into  the  under- 
lying connective  tissue  and  differing  in  size  and  form  in  different 
parts  of  the  alimentary  canal.  Such  an  involution  is  called  a  gland. 
The  most  simple  kind  of  gland  is  a  cylindrical  depression  with  a 
blind  end,  somewhat  of  the  form  of  a  test-tube,  lined  with  a  single 
layer  of  epithelium  cells,  continuous  at  the  mouth  of  the  gland 
with  the  rest  of  the  epithelium  of  the  mucous  membrane.  The 
wall  of  the  gland  outside  the  epithelium  is  supplied  by  the 
connective  tissue  of  the  mucous  membrane,  which  generally  forms 
a  distinct  basement  membrane,  and  is  generally  also  richly  supplied 
with  capillary  blood  vessels.  Hence  wnen  two  such  glands  lie  side 
by  side,  a  certain  quantity  of  connective  tissue  carrying  blood 
vessels  runs  up  between  them  to  reach  the  epithelial  cells  which 
cover  the  surface  of  the  mucous  membrane  between  their  mouths. 
Such  a  simple  tubular  gland  may  have  the  same  diameter  through- 
out, or  may  vary  in  diameter  at  different  distances  from  the  mouth, 
and  the  epithelium  lining  it  may  be  of  the  same  character  throughout 
and  similar  to  that  on  the  surfaces  between  the  mouths  of  the 
glands;  very  frequently  however  at  the  lower  part  of  the  gland  the 
epithelium  is  modified  and  takes  on  certain  special  characters 
which  we  shall  speak  of  presently  as  those  of  a  *  secreting ' 
epithelium.  When  this  occurs  the  upper  part  of  the  gland,  where 
the  epithelium  is  not  so  modified,  is  often  spoken  of  as  '  the  duct ' 
of  the  gland. 

Very  frequently  the  gland  is  not  simple  but  branched,  and  the 
branching  may  be  slight  or  excessive.  Such  branched  glands, 
especially  those  in  which  the  branching  is  considerable,  are  called 
compound  glands;  and  in  these  there  is  always  a  very  marked 
distmction  between  the  terminal  portions  of  the  several  branchings 
where  the  epithelial  cells  have  secreting  characters,  and  the  proximal 
portions  or  ducts  where  the  cells  have  not  these  secreting  characters. 
In  such  a  compound  gland  a  tubular  main  duct  (whose  mouth  opens 
into  the  intenor  of  the  alimentary  canal,  and  whose  epithelial  lining 
is  continuous  with  the  general  epithelial  lining  of  the  canal)  divides, 
dichotomously  or  otherwise,  into  secondarj^  ducts,  which  again  divide 
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into  smaller  ducts,  and  this  division  may  be  repeated  again  and 
again ;  ultimately  however  each  duct  ends  in  a  part  in  which  the 
epithelium  takes  on  secreting  characters,  and  such  terminal  portions 
of  ducts  which  are  generally  wider,  more  swollen  as  it  were,  than 
the  ducts  leading  to  them  and  not  infrequently  flask-shaped  are 
spoken  of  as  alveoli.  These  alveoli,  especially  when  flask-shaped, 
bear  a  certain,  though  by  no  means  close,  resemblance  to  the  indi- 
vidual berries  on  a  bunch  of  grapes,  the  ducts  being  the  branching 
stalks ;  hence  these  compound  glands  are  spoken  of  as  "  racemose. ' 
Sometimes  the  gland  in  dividing  spreads  out  loosely  over  a  wide 
surface,  that  is  to  say,  is  *  diffuse' ;  sometimes  the  ducts  and  alveoli 
with  all  the  connective  tissue,  blood  vessels,  &c.,  belonging  to  them 
are  bound  up  tightly  into  a  more  or  less  globular  mass,  that  is  to 
say,  form  a  '  compact '  gland. 

Glands  in  fact  vary  widely  in  size,  form  and  complexity,  but 
they  all  have  the  one  feature  in  common  that  they,  being  involutions 
of  the  mucous  membrane,  consist  of  a  wall  of  vascular  connective 
tissue  lined  by  epithelium,  and  in  the  majority  of  glands  there  is 
a  distinction  in  the  characters  of  the  epithelium  between  a  terminal 
secreting  portion  and  a  proximal  conducting  portion. 

Where,  as  in  the  stomach  and  intestine,  a  number  of  com- 
paratively simple  glands  are  closely  packed  together  side  by  side, 
the  whole  mucous  membrane  acquires  proportionately  increased 
thickness ;  instead  of  being  an  attenuated  sheet  formed  of  a  single 
laver  of  cells  on  a  thin  connective  tissue  basis  it  becomes  a  mass 
whose  thickness  is  determined  by  the  length  of  the  glands. 

It  may  be  added  that  generally  but  not  always  the  gland  in 
its  whole  length  lies  above  or  outside  the  muscularis  mucosae,  so 
that  when  a  vertical  section  is  made  of  a  mucous  membrane  the 
muscularis  mucosae  is  seen  running  in  an  even  line  at  some  little 
distance  below  the  thick  layer  which  is  presented  by  the  longitu- 
dinal sections  of  the  glands. 

Bearing  in  mind  these  general  characters  of  the  alimentary 
canal  and  its  glands  we  may  now  proceed  to  study  some  of  its 
special  characters,  and  it  will  be  convenient  to  begin  with  the 
structure  of  the  stomach. 

Structure  of  the  Stomdch, 

§  210.  The  stomach  in  its  structure  follows  the  general  plan 
just  described,  and  consists  of  a  muscular  coat  and  a  mucous 
membrane  separated  from  each  other  by  loose  submucous  con- 
nective tissue.  The  muscular  coat,  which  has  considerable  thick- 
ness, consists  of  an  outer  somewhat  thick  longitudinal  coat  and  an 
inner  still  thicker  circular  coat,  the  innermost  bundles  of  which 
take  an  oblique  direction  and  form  a  more  or  less  distinct  thin 
oblique  layer.  As  we  shall  see  the  movements  of  the  stomach  are 
more  extensive  and  complex  than  those  of  the  rest  of  the  alimentary 
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canal.  Towards  the  pyloric  end,  in  what  is  sometimes  called  the 
antrum  pylori,  the  circular  layer  increases  in  thickness,  and  at  the 
pylorus  is  developed  into  a  thick  ring  called  the  sphincter  of  the 
pylorus;  a  less  marked  circular  sphincter  is  also  present  at  the 
cardiac  orifice. 

The  size  of  the  cavity  of  the  stomach  varies  from  time  to  time 
according  to  the  bulk  of  contents  present,  and  the  condition  of 
the  muscular  fibres.  When  the  stomach  is  empty,  the  muscular 
fibres  are  in  a  state  of  tonic  contraction,  and  the  cavity  is  small ; 
when  the  stomach  is  full,  the  muscular  fibres  though  carrying  out 
as  we  shall  see  more  or  less  rhythmical  movements  are  as  a  whole 
relaxed  and  extended,  so  that  the  cavity  is  large.  The  mucous 
membrane  in  its  natural  condition  so  to  speak  is  of  such  a  size 
that  it  fonns  a  smooth  even  lining  to  the  muscular  coat  when  this 
is  extended  and  relaxed  and  the  cavity  of  the  stomach  distended. 
Hence  when  the  stomach  is  empty,  and  the  muscular  coat  con- 
tracted, the  mucous  membrane  is  thrown  into  folds  or  rugoe^  which 
on  account  of  the  preponderance  of  the  circular  muscular  coat  take 
a  longitudinal  course,  the  loose  submucous  tissue  allowing  this 
movement  of  the  mucous  over  the  muscular  coat. 

The  mucous  membrane  is  relatively  very  thick,  the  thickness 
being  due  to  the  fact  that  the  membrane  over  its  whole  extent  is 
thickly  studded  with  glands ;  it  may  in  fact  be  said  to  be  almost 
wholly  composed  of  a  number  of  short  comparatively  "simple" 
glands  placed  vertically  side  by  side  and  bound  together  by  just 
:is  much  connective  tissue  as  serves  to  carry  the  blood  vessels  and 
lymphatics.  These  glands  vary  in  size,  shape  and  character  in 
different  parts  of  the  stomach,  and  the  stomachs  of  different 
animals  present  in  these  respects  very  considerable  differences; 
but,  for  present  purposes,  we  may  consider  them  as  of  two  kinds, 
the  glands  at  the  cardiac  end  of  the  stomach  or  "  cardiac  glands  " 
and  the  glands  at  the  pyloric  end,  or  "  pyloric  glands." 

§  211.  Cardiac  glands.  These  are  tubular  glands,  about 
•5  mm.  to  2  mm.  in  length  by  50  /t  to  100  /x  in  width,  whose 
course  is  not  wholly  straight  but  wavy  or  gently  tortuous,  and 
frequently  curved  or  bent  at  the  blind  end.  Some  are  simple 
or  unbranched,  but  others  divide  into  two,  three  or  even  more 
tubes.  They  are  packed  together  side  by  side  in  a  vertical 
position  so  closely  that  in  sections  of  hardened  and  prepiired 
stomachs  in  which  the  blood  vessels  are  for  the  most  part  emptied 
of  blood  and  the  lymph  spaces  of  lymph,  each  gland  seems  to  be 
separated  from  its  neighbours  by  nothing  more  than  an  extremely 
thin  sheet  of  connective  tissue  seen  in  sections  as  almost  a  mere 
line.  In  the  living  stomach  when  the  numerous  blood  vessels  in 
this  connective  tissue  are  filled  with  blood,  and  the  lymph  spaces 
are  dist<3nded  with  lymph,  the  glands  are  separated  from  each 
other  by  a  considerable  space  equal  probably  to  about  their  own 
diameter. 
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The  outline  of  each  gland  is  defined  by  a  distinct  basement 
membrane  which  appears  to  be  formed  by  a  number  of  flat 
transparent  connective  tissue  corpuscles  fused  together  into  a 
sheet ;  in  a  section  of  a  gland,  longitudinal  or  transverse,  some  of 
the  nuclei  belonging  to  the  constituent  cells  may  be  seen  embedded 
as  it  were  in  the  basement  membrane. 

Each  gland  may  be  divided  into  a  *  mouth/  by  which  it  opens 
into  the  cavity  of  tne  stomach,  and  which  reaches  about  a  third  or 
a  quarter  down  the  length  of  the  gland,  and  into  a  *  body '  which 
forms  the  rest  of  the  gland,  the  junction  of  the  two  being  called 
the  '  neck.'     These  two  parts  diflfer  fundamentally  in  structure. 

The  mouth  has  a  wide  open  lumen  and  is  lined  with  a  single 
layer  of  long  slender  conical  celb  called  *  mucous  cells.*  The  lower 
two-thirds  of  each  mucous  cell,  including  the  pointed  or  blunt  or 
sometimes  slightly  branched  end  resting  on  the  underlying  base- 
ment membrane,  is  composed  of  ordinary  granular  looking  proto- 
•plasm,  staining  with  the  ordinary  staining  reagents,  embedaed  in 
the  lower  part  of  which  is  a  small  oval  nucleus  placed  vertically. 

The  upper  third  is  more  clear  and  transparent,  does  not  stain 
readily  and  differs  in  appearance  at  different  times.  At  one  time 
this  part  of  the  cell  is  occupied  by  mucus ;  at  another  time  the 
mucus  has  been  discharged  by  a  rupture  of  the  outer  face  or  lid  of 
the  cell,  leaving  a  small  cup-shaped  cavity  (containing  fluid  and  a 
remnant  of  mucus)  the  fairly  distinct  walls  of  which  are  continuous 
with  the  protoplasmic  lower  two-thirds  of  the  cell.  We  shall  shortly 
have  to  discuss  more  fully  the  nature  of  mucous  cells  in  connection 
with  the  salivary  glands,  and  may  here  simply  say  that  in  the 
upper  third  of  the  cell,  the  cell-substance  of  the  cell,  except  for  a 
portion  which  remains  as  the  cell  wall  of  this  part  of  the  cell,  is 
transformed  into  mucus,  and  that  the  mucus  so  formed  is  sooner 
or  later  discharged  from  the  cell,  its  place  being  in  time  occupied 
by  new  cell-substance  which  again  in  turn  is  converted  into 
mucus. 

These  mucous  cells  not  only  line  the  mouths  of  the  glands, 
becoming  shorter  where  the  mouth  joins  the  neck,  but  also 
cover  the  ridges  between  the  glands  and  so  form  the  immediate 
lining  of  the  interior  of  the  stomach.  The  free  surface  or  lid  of 
each  cell  is  more  or  less  hexagonal  or  polygonal  in  outline,  and  in 
sections  of  hardened  stomach  the  hardened  cell-walls  of  the  tops 
of  the  cells  give  rise  to  the  appearance  of  a  mosaic  of  hexagonal 
or  polygonal  areas  where  the  section  presents  a  number  of  these 
cells  seen  on  end. 

Lj4ng  between  the  bases  of  the  mucous  cells  (which  from  the 
conical  form  of  the  cells  diverge  from  each  other)  above  the 
basement  membrane  may  be  seen  in  vertical  sections  a  certain 
number  of  small  cells,  each  consisting  of  a  nucleus  surrounded  by 
a  cell-body,  which  though  small  stains  deeply  and  hence  becomes 
conspicuous  in  stained  sections.     These  as  we  previously  said  have 
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been  regarded  as  young  reserve  cells  which  will  upon  the  destruc- 
tion of  any  of  the  mucous  cells  grow  up  to  take  their  place. 

§  212.  The  body  of  the  gland  is  not  only  in  itself  distinctly 
less  in  diameter  than  the  mouth  (so  that  a  larger  amount  of 
vascular  connective  tissue  lies  between  the  bodies  than  between 
the  mouths),  but  has  a  much  narrower,  indeed  very  narrow  and 
tortuous  lumen,  and  is  lined  by  cells  of  a  wholly  different  character. 
These  are  of  two  kinds. 

Throughout  its  whole  length  below  the  mouth  the  gland  is 
lined  continuously  with  a  single  layer  of  polyhedral  or  cubical  or 
at  times  conical  cells,  the  outlines  of  which  are  remarkably 
indistinct  Th^  cell-body  of  each  of  these,  which  contains  a 
spherical  nucleus  placed  near  the  centre  of  the  cell  but  more 
outside  towards  the  basement  membrane,  varies,  as  we  shall  see 
later  on,  very  much  in  appearance  according  to  what  has  been 
taking  place  in  the  stomach,  and  to  the  mode  of  preparation.  In 
sections  of  a  stomach  hardened  and  prepared  in  an  ordinary  way 
the  cell-bodies  frequently  present  a  "faintly  granular"  appearance. 
Cells  of  this  kind  are  spoken  of  from  their  position  as  central  cells, 
or  sometimes,  for  reasons  which  we  shall  see  presently,  as  chief 
cells. 

The  cells  of  the  other  kind  do  not  form  a  continuous  layer  but 
are  scattered  along  the  length  of  the  body  of  the  gland,  being  most 
numerous  (but  smaller)  in  the  region  of  the  neck,  and  less  frequent 
(but  larger)  at  the  bottom  or  fimdus  of  the  gland.  They  are  more- 
over in  the  lower  part  of  the  gland  and  indeed  over  the  greater 
part  placed  outside  the  central  cells,  being  wedged  in  between 
these  and  the  basement  membrane  and  frequently  causing  the 
latter  to  bulge  out;  they  therefore  in  most  cases  do  not  abut  on 
the  lumen  of  the  gland  and  their  only  direct  connection  with 
the  lumen  is  through  spaces  between  the  central  cells.  In  the 
neck  of  the  gland  they  may  however  bound  the  lumen.  Each 
cell  is  ovoid  in  form  with  an  outline  which,  in  contrast  to  that  of 
the  central  cells,  is  sharp  and  well  defined,  and  possesses  an  ovoid 
nucleus  placed  in  the  middle  of  a  cell-body  which  like  that  of  the 
central  cell  varies  in  appearance  according  to  circumstances,  but 
which  in  a  section  of  stomach  hardened  and  prepared  in  an  ordinary 
way  is  frequently  *  coarsely'  granular.  Cells  of  this  kind  are  called 
from  their  position  pai^tal  cells  or,  from  their  shape,  ovoid  cells. 
Even  the  smaller  of  them  are  larger  than  the  central  cells. 

A  characteristic  *  gastric  gland  *  then  of  the  cardiac  region  of 
the  stomach  is  a  tubular  depression  often  straight  and  simple,  but 
at  times  bifurcating  towards  the  lower  part  or  othenvise  dividing, 
the  ends  frequently  curling.  Each  depression  consists  of  a  mouth, 
with  a  broad  lumen  lined  by  slender  mucous  cells,  a  neck  in 
which  the  mucous  cells  suddenly  change  to  central  cells  with 
numerous  ovoid  cells  lying  among  them,  and  in  which  the  lumen 
becomes  narrowed  and  tortuous,  and  a  body  ending  in  a  blind 
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fundus,  with  the  lumen  still  narrow  winding  between  the  central 
cells  outside  which  are  placed  ovoid  cells  less  numerous  than  in 
the  neck.  Such  glands  placed  side  by  side  form  the  thickness  of 
the  mucous  membrane,  and  below  them  at  a  short  distance  runs  in 
a  tolerably  even  line  the  thin  muscularis  mucosa?  with  its  single 
inner  circular  and  outer  longitudinal  layers  of  plain  muscular 
fibres. 

§  213.  The  space  between  the  level  of  the  bottom  of  the 
glands  and  the  muscularis  mucosae  as  well  as  the  vertical  spaces 
between  the  glands,  that  is  all  the  space  between  the  much 
folded  basement  membrane  above  and  the  muscularis  mucosae 
below  is  occupied  by  delicate  connective  tissue  the  meshwork  of 
which,  formed  of  thin  narrow  sheets  or  laminae  rather  than  of 
fibres  or  bundles,  becomes  especially  close  set  immediately  under 
the  basement  membrane.  In  the  spaces  of  the  meshwork  a 
certain  number  of  lymph  corpuscles  or  leucocytes  may  be  seen. 
Small  arteries  passing  upwards  from  the  submucosa  through 
the  muscularis  mucosie  break  up  into  capillaries  encircling  tne 
glands  in  the  form  of  plexuses  which  are  especially  close  set  at  the 
summits  of  the  spaces  between  the  glands,  that  is  to  say  at  the 
places  where  the  connective  tissue  lies  nearest  to  the  interior  of 
the  stomach.  Small  veins  springing  from  these  capillaries,  espe- 
cially from  those  last  named,  running  downwards  pierce  the 
muscularis  mucosae  and  form  the  larger  veins  in  the  submucous 
coat.  Lymphatic  vessels  and  structures  called  lymphatic  '  glands  * 
are  present  in  the  mucous  coat,  but  of  these  we  shall  speak  later  on. 

§  214,  Pyloric  glands.  At  the  pyloric  end  of  the  stomach 
the  glands  are  less  closely  packed  than  at  the  cardiac  end,  and 
differ  from  the  cardiac  glands  in  size,  shape  and  structure.  A 
typical  pyloric  gland  possesses  a  mouth  which  is  much  longer  and 
generally  broader  with  a  wider  lumen  than  the  mouth  of  a  cardiac 
gland,  though  the  walls  are  lined  with  mucous  cells  like  those  of 
the  cardiac  end.  The  body  of  the  gland  instead  of  being  as  in 
the  cardiac  gland  often  tubular  and  unbranched,  frequently 
divides  into  two  or  more  branches  close  to  the  neck,  and  these 
branches  which  arc  relatively  shorter  than  the  body  of  a  cardiac 
gland  and  have  a  much  wider  lumen,  may  again  subdivide  so 
that  the  whole  gland  is  most  distinctly  branched.  The  whole 
body  with  all  its  branches  from  the  mouth  to  the  several  blind 
ends  is  lined  throughout  with  one  kind  of  cell  only,  which  is 
very  similar  to  the  central  cell  of  a  pyloric  gland,  inasmuch 
;is  it  is  a  polyhedral  or  short  columnar  cell  with  indistinct  out- 
lines, a  spherical  nucleus,  and  a  cell-body  which  in  a  specimen 
prepared  lu  the  oi-dinary  way  is  faintly  granular.  The  *  ovoid'  cell 
so  characteristic  of  the  cardiac  gland  is  absent.  The  arrangement 
of  the  connective  tissue  with  its  blood  vessels  and  l}Tnphatics  aftid 
of  the  muscularis  mucosa*  is  much  the  same  as  at  the  cardiac  end. 

Thus  the  cardiac  end  of  the  stomach  contains  glands  which  are 
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tubular  and  often  simple,  which  have  a  very  narrow  lumen,  and 
which  possess  central  and  ovoid  cells,  while  the  pyloric  end  contains 
glands  which  are  branched,  which  have  a  relatively  deep  mouth 
and  wide  lumen,  and  which  possess  one  kind  of  cells  only,  central 
cells  or  cells  very  like  these.  In  the  middle  region  of  the  stomach 
the  one  kind  of  gland  gradually  merges  into  the  other ;  in  passing 
from  the  cardia  to  the  pylorus  the  ovoid  cells  become  less  numerous 
and  at  last  disappear,  the  mouth  becomes  longer,  the  lumen  wider, 
and  the  body  of  the  gland  becomes  more  and  more  branched. 

The  above  supplies  a  general  description  of  the  gastric  glands 
but  these  vary  in  minor  characters  and  to  a  certain  extent  in 
distribution  in  different  animals;  and  as  we  shall  presently  see 
in  all  cases,  the  glands  vary  in  condition  and  so  in  appearances 
according  as  digestion  is  or  has  been  going  on  in  the  stomach. 

The  Salivary  Glands, 

§  216.  The  structural  differences  between  the  *  mucous '  cells 
lining  the  mouth  and  the  *  central'  and  *  ovoid'  cells  lining  the  body 
of  a  gastric  gland  lead  us  to  infer  that  the  former  differ  from  the 
latter  in  function ;  and  we  have  other  evidence  that  this  is  so,  that 
it  is  the  central  and  ovoid  cells  which  actually  secrete  the  gastric 
juice,  and  that  as  far  as  the  gastric  juice  is  concerned,  the  mouths 
of  the  glands  serve  chiefly  (though  the  mucous  cells  have  a  purpose 
of  their  own)  to  conduct  to  the  interior  of  the  stomach  the  juice 
secreted  by  the  body  of  the  gland.  We  may  therefore  speak  of 
the  body  as  the  secreting  portion  and  the  mouth  as  the  *  duct  *  of 
the  gland. 

This  distinction  between  a  secreting  portion  and  a  conducting 
portion,  more  or  less  obvious  as  we  have  said  in  most  glands,  is 
especially  striking  in  the  case  of  the  salivary  glands.  These  are 
involutions  of  the  (epiblastic)  mucous  membrane  of  the  mouth  as 
the  gastric  glands  are  involutions  of  the  (hypoblastic)  mucous 
membrane  of  the  stomach ;  but  instead  of  being  comparatively 
simple  they  are  exceedingly  branched  racemose  glands,  and  the 
secreting  portion  of  the  gland  is  removed  to  a  great  distance  from 
the  epithelium  of  the  mouth  so  that  the  conducting  portion  is 
of  very  great  length.  Moreover,  not  only  the  epithelium  lining  the 
secreting  portion  but  also  that  lining  the  conducting  portion  differs 
so  completely  from  the  epiblastic  epithelium  lining  the  mouth 
that  we  may  study  the  structure  of  the  gland  quite  apart  from  the 
structure  of  the  lining  of  the  mouth,  whose  sensory  functions,  in 
the  way  of  taste  for  instance,  are  so  much  more  important  than  its 
digestive  functions  that  we  may  reserve  the  study  of  its  features 
until  we  come  to  deal  with  the  senses. 

A  salivary  gland  such  as  the  submaxillary  consists  of  a  long 
main  duct  which  pursues  an  undivided  course  backwards  for 
several  centimetres  from  its  opening  into  the  cavity  of  the  mouth 
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until  it  reaches  the  body  of  the  gland,  when  it  rapidly  divides  and 
subdivides  into  a  number  of  smaller  ducts.  Each  of  the  ultimate 
divisions  of  the  duct  at  last  ends  in  a  *  secreting '  portion,  which 
is  lined  by  a  'secreting'  epithelium  different  in  character  ftx>m 
the  epithelium  lining  the  ducts.  Such  a  terminal  secreting 
portion  is  called  an  alveolus.  Sometimes  a  duct  terminates  in 
a  single  alveolus,  which  then  appears  as  a  swollen  or  somewhat 
flask-shaped  termination  of  the  duct  distinguished  &om  the 
duct  by  the  size  and  character  of  its  cells  and  by  the  narrow- 
ness of  its  lumen;  but  more  commonly  a  duct  ends  in  several 
alveoli,  which  then  appear  as  a  number  of  short  curved  somewhat 
swollen  tubes,  branching  off  from  the  end  of  the  duct.  All  the 
ducts  and  the  alveoli  in  which  they  end  are  bound  up  by  connec- 
tive tissue,  carrying  blood  vessels,  nerves  and  lymphatics,  into  a 
compact,  rounded  but  somewhat  lobulated  mass,  the  gland  proper. 
Each  alveolus,  or  each  group  of  alveoli,  and  the  small  duct  of 
which  it  forms  the  blind  end  is  surrounded  and  separated  from  its 
neighbours  by  a  certain  amount  of  connective  tissue.  A  number 
of  alveoli  with  the  ducts  leading  to  them  are  bound  together  into 
a  lobule  by  a  rather  larger  amount  of  connective  tissue.  Groups  of 
these  smaller  lobules  are  bound  together  by  connective  tissue  and 
enveloped  by  a  more  distinct  coat  of  that  tissue,  and  thus  form 
larger  or  primary  lobules;  and  these  larger  lobules  are  bound  up  to 
form  the  gland  itself  by  a  quantity  of  connective  tissue,  which  also 
forms  a  wrapping  or  sheath  for  the  whole  gland.  Hence  a  thin 
section  taken  through  the  gland  is  seen,  when  examined  under  a 
low  power,  to  be  divided  by  septa  of  connective  tissue  (continuous 
with  the  sheath  of  the  gland,  and  carrying  blood  vessels,  &c.),  into 
irregular  areas,  which  are  generally  angular  from  compression. 
These  areas  arc  sections  of  the  primary  lobules,  and  each  may 
be  seen  to  be  similarly  but  less  distinctly  subdivided  into  similar 
smaller  areas,  the  smaller  lobules.  Each  of  these  smaller  lobules 
will  in  turn  be  seen  to  be  for  the  most  part  made  up  of  rounded 
bodies  varying  somewhat  in  size  and  shape  but  on  the  whole  very 
much  alike,  bound  together  by  a  small  amount  of  connective 
tissue;  these  are  the  alveoli  which,  being  disposed  in  various  direc- 
tions and  being  frequently  more  or  less  curv^ed,  are  cut  in  various 
planes  by  the  section.  Where  the  section  cuts  the  alveolus  trans- 
versely the  outline  of  the  alveolus  is  circular,  where  obliquely  the 
outline  is  more  elliptical ;  a  section  moreover  may  pass  through 
the  mere  tip  or  side  of  the  alveolus  and  so  miss  the  lumen 
altogether ;  and  indeed  many  varied  appearances  may  be  presented. 
Among  these  alveoli  are  seen  other  bodies  of  a  somewhat  diflferent 
aspect,  circular,  elliptical  or  cylindrical  in  outline,  or  hour-glass- 
shaped,  or  even  irregular  in  form.  These  are  the  small  tubular  ducts 
cut  in  various  planes.  Sections  of  the  larger  ducts  of  various  size 
may  also  be  seen  in  the  septa  between  the  lobules.  Even  with 
quite  a  low  power  it  is  easy  to  distinguish  between  the  alveoli  or 
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secreting  elements  and  the  ducts,  and  when  we  come  to  examine 
them  more  closely  we  find  that  they  differ  markedly  in  structure. 
Moreover,  when  we  examine  the  three  glands,  parotid,  submaxillary 
and  sublingual,  and  especially  when  we  employ  for  the  purpose 
different  kinds  of  animals,  we  find  that,  while  the  ducts  have  nearly 
the  same  structure  in  all  cases,  two  kinds  of  alveoli  may  be 
distinguished  differing  from  each  other  in  the  characters  of  the 
cells  lining  them.  In  the  one  case  the  cells,  for  reasons  which  will 
presently  appear,  are  called  mucous  cells,  in  the  other  serous  cells, 
or  perhaps  better  albuminous  cells.  In  one  gland  all  the  alveoli 
may  be  lined  with  mucous  cells,  in  which  case  it  is  called  a 
•  mucous  gland,*  or  with  albuminous  cells,  in  which  case  it  is  called 
an  'albuminous  gland,'  or  some  alveoli  may  be  *  mucous'  and 
others  *  albuminous,'  the  gland  being  a  mixed  one ;  and  this  dis- 
tinction between  mucous  and  albuminous  obtains  also  in  glands 
of  the  mucous  membrane  which  are  not  distinctly  salivary,  for 
instance  in  the  small  *  buccal '  glands  of  the  mouth,  and  in  the 
glands  of  the  pulmonary  passages  and  of  other  structures. 

§  216.  Mucous  glands.  The  submaxillary  gland  of  the  dog  is 
a  fairly  typical  mucous  gland.  The  alveoli  of  this  gland  vary 
a  g<x)d  deal  in  diameter,  but  are  on  an  average  about  35  /m. 
The  outline  of  each  alveolus  is  defined  by  a  distinct  basement 
membrane  formed  of  a  number  of  flattened  connective  tissue  cor- 
puscles fused  together  into  a  sheet ;  in  a  section  the  long  oval 
nuclei  of  the  constituent  cells  may  be  seen  here  and  there  imbedded, 
as  it  were,  in  the  membrane.  Outside  the  basement  membrane 
lie,  as  elsewhere  in  a  mucous  membrane,  the  lymph  spaces  of  the 
fine  connective  tissue. 

The  space  defined  by  the  basement  membrane  is  nearly  wholly 
filled,  a  verj'  small  central  lumen  only  being  left,  by  cells  arranged 
for  the  most  part  in  a  single  layer.  The  cells  are  large  relatively 
to  the  alveolus,  so  that  in  a  transverse  section  of  an  alveolus, 
about  5  or  6  cells  will  be  seen.  Each  cell  is  more  or  less  spherical 
or  rather  conical  in  form,  with  its  broader  base,  which  is  sometimes 
irregular  in  outline,  resting  on  the  basement  membrane  and  the 
narrower  apex  abutting  on  the  lumen.  The  characters  of  the  cell 
differ  according  to  the  condition  of  the  gland.  If  the  gland  has, 
previous  to  ite  preparation  for  examination,  not  been  actively 
secreting,  the  cells  have  certain  characters  and  may  be  spoken  of 
as  '  loaded '  or  *  charged.'  If  the  gland  has  been  actively  secreting, 
these  characters  are  replaced  by  others,  and  the  cells  may  be 
.spoken  of  as  'unloaded,'  *  discharged.'  In  the  'loaded,'  or  as  it  is 
often  called  the  *  resting '  phase,  the  cell,  in  hardened  specimens,  is 
as  a  whole  transparent,  and  stains  very  slightly  with  the  onlinary 
staining  reagents.  The  nucleus,  which  in  hardened  specimens 
appears  disc-shaped  and  sometimes  curved  or  bent,  but  in  the  fresh 
living  cell  is  seen  to  be  spherical,  lies  at  the  base  of  the  cell  not  far 
from  the  basement  membrane.     Around  the  nucleus  is  gathered  a 

25—2 


388  MU(X)US.  GLAXDS.  [Book  n. 

small  quantity  of  ordinan*  protoplasmic  cell-substance,  staining 
readily  with  the  usual  dyes ;  the  rest  of  the  cell-body  consists  of  a 
transparent  material,  which  does  not  stain  readily,  and  which  occu- 
pies the  spaces  or  meshes  of  a  ver)'  delicate  meshwork  continuous 
apparently  with  the  staining  protoplasmic  cell-substance  around 
the  nucleus,  and  with  a  thin  sheet  of  similar  material  forming  the 
wall  of  the  cell  This  transparent  material  is  either  mucin,  which 
we  have  seen  to  be  a  conspicuous  constituent  of  submaxillary 
saliva  (in  the  dog)  or  a  substance  which  can  be  easily  converted 
into  actual  mucin,  that  is  to  say  an  antecedent  of  mucin ;  hence 
the  name  'mucous  cell.'  A  resting  or  loaded  mucous  cell  then 
consists  largely  of  mucin  (or  its  antecedent)  lodged  in  the  meshes 
of  the  protoplasmic  cell-substance  which  over  the  greater  part 
of  the  cell  exists,  in  a  hardened  gland  at  any  rate,  as  a  delicate 
meshwork  or  reticulum,  but  is  gathered  into  a  compact  mass  in 
a  small  area  immediately  around  the  nucleus. 

In  many  alveoli,  a  more  or  less  triangular  space  left  between 
the  diverging  bases  of  two  of  the  mucous  cells  and  the  basement 
membrane  may  be  seen  to  be  occupied  by  one  or  by  two  or  more 
peculiar  small  cells.  These  on  examination  are  found  to  be 
irregular  in  form  but  often  half-moon  shaped,  and  are  hence  called 
demilune  cells.  Elach  consists  of  deeply  staining  cell-substance 
with  a  spherical  nucleus.  From  their  size,  and  their  staining 
deeply,  as  well  as  from  their  position,  these  demilune  cells  contrast 
strongly  with  the  mucous  cells. 

In  the  '  discharged,'  or  as  it  is  often  called  the  '  active '  phase, 
the  mucous  cell  has  a  different  appearance,  especially  if  the 
activity  of  the  gland  has  been  great.  The  cell  is  now  smaller, 
and  thus  gives  rise  to  a  more  distinct  lumen  in  the  alveolus, 
a  larger  portion  of  the  cell  stains,  especially  on  the  outer  side, 
and  sometimes  the  whole  cell  stains ;  the  nucleus,  now  spherical 
even  in  hardened  specimens,  occupies  a  more  central  position. 
The  transparent,  non-staining  mucin  has  in  large  part  or  wholly 
disappeared,  its  place  has  been  taken  by  ordinary  staining  proto- 
plasmic cell-substance,  and  the  distinction  between  the  demilune 
cells  and  the  proper  cells  of  the  alveolus  is  much  less  distinct. 
We  shall  presently  have  to  discuss  the  nature  and  meaning  of  this 
change  from  the  loaded  to  the  discharged  cell. 

§  217.  A  small  duct  of  the  submaxillary  gland,  even  when  cut 
transversely  in  the  section  so  as  to  present  like  many  alveoli  a 
circular  outline,  has  an  appearance  very  different  from  that  of 
an  alveolua  The  duct  is  lined  by  a  single  layer  of  epithelium,^ 
but  these  are  slender,  narrow,  columnar  cells  leaving  in  the  centre 
a  relatively  wide  lumen,  and  the  outside  of  the  duct  is  not  so 
sharply  defined  by  a  conspicuous  basement  membrane  as  is  the 
case  in  an  alveolus.  Each  cell,  which  bears  an  oval  nucleus  placed 
vertically  in  the  cell  at  about  the  middle  but  rather  nearer  the 
base,  consists  of  a  protoplasmic  cell-substance  which  on  the  inner 
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side  of  the  nucleus  towards  the  lumen  has  no  special  features,  but 
on  the  outside,  towards  the  basement  membrane  or  connective 
tissue  basis,  has  frequently  a  longitudinal  striation  as  if  made  up 
of  a  number  of  rods  or  narrow  prisms  placed  side  by  side. 

The  larger  ducts  running  between  the  lobules  diflFer  from  such 
a  small  intralobular  duct  chiefly  in  the  greater  thickness  of  the 
connective  tissue  basis,  which  in  these  is  developed  into  a  distinct 
coat  containing  in  the  case  of  the  larger  branches  and  the  main 
duct  plain  muscular  fibrea  In  the  main  duct  and  its  chief  branches 
the  single  layer  of  columnar  cells  is  replaced  by  two  or  three 
layers  of  cubical,  or  sometimes  flattened  cells  not  marked  with 
the  striation  spoken  of  above.  When  a  small  intralobular  duct 
is  about  to  end  in  an  alveolus  or  a  group  of  alveoli  it  becomes 
narrowed,  the  cells  lose  their  striation,  from  being  slender  and 
cylindrical  in  form  become  short  cubical,  and  at  the  very  end  of 
tne  duct  change  into  flat  spindle-shaped  plates,  the  transition 
from  which  to  the  characteristic  cells  of  the  alveolus  is  in  the 
case  of  most  animals  quite  abrupt.  Such  a  modified  terminal 
portion  of  a  duct  is  sometimes  spoken  of  as  a  "  ductule." 

§  218.  Albumino^is  glands.  These  differ  from  the  mucous 
glands  in  the  constitution  of  the  cells  lining  the  alveoli,  but  the 
structure  of  the  ducts  and  the  general  arrangements  of  the  gland 
are  the  same  in  both ;  indeed,  as  we  have  already  said,  in  the 
same  gland  some  alveoli  may  be  albuminous  and  others  mucous. 

In  an  albuminous  alveolus  the  cells  are  rather  smaller  than 
those  in  a  loaded  mucous  gland,  and  their  outlines  are  rather 
more  angular.  In  each  cell  the  nucleus,  which  is  spherical,  is 
placed  near  the  centre  of  the  cell  but  rather  nearer  the  basement 
membrane,  and  the  cell-substance,  which  has  the  general  appear- 
ance, in  an  ordinary  preparation,  of  somewhat  densely  granular 
protoplasm,  stains  readily  and  uniformly  all  over.  No  cells  cor- 
responding to  the  demilunes  of  a  mucous  alveolus  are  present. 
In  fact  an  albuminous  cell  does  not  at  first  sight  appear  to  differ 
markedly  from  a  discharged  mucous  cell,  and  does  not  shew  the 
same  marked  differences  between  a  loaded  and  a  discharged  con- 
dition as  does  a  mucous  cell.  There  are  however  differences 
between  the  loaded  and  the  discharged  albuminous  cell,  but  to 
these  we  shall  return  presently. 

The  parotid  gland  of  man  and  indeed  of  all  mammals  is  a 
wholly  albuminous  gland,  though  in  the  dog  a  few  cells  are 
mucous ;  the  submaxillary  of  man  is  on  the  whole  a  mucous  gland 
but  some  lobules  in  it  are  albuminous ;  the  submaxillary  of  the 
rabbit  is  an  albuminous  gland.  The  sublingual  may  perhaps  in 
all  mammals  be  regarded  as  a  mucous  gland,  though  it  differs  in 
several  respects  from  other  mucous  glands ;  the  cells  lining  the 
ducts  are  much  shorter  and  less  distinctly  striated,  the  alveoli 
are  more  obviously  branched  tubules,  and  the  cells  of  some  alveoli 
contain  no  mucin. 
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The  small  buccal  glands  which  lie  in  the  substance  of  the 
mucous  membrane  of  the  mouth,  and  whose  secretion  contributes 
to  "  naixed  "  saliva,  are  formed,  on  a  small  scale,  after  the  plan  of 
a  salivary  gland,  that  is  to  say,  they  are  composed  of  a  duct  (or 
ducts)  and  alveoli  which  in  structure  are  similar  to  those  of  a 
salivary  gland.  They  further  resemble  the  salivary  glands  in  that 
some  of  them  are  *  albuminous  *  and  some  *  mucous.* 

§  219.  The  salivary  glands  have  each  of  them  a  special 
nervous  supply  of  which  we  shall  speak  in  detail  in  the  following 
section,  and  will  here  simply  say  that  the  fibres  passing  into  the 
glands  are  both  medullated  and  non-medullated  fibres,  and  that  the 
terminations  of  the  fibres  have  not  been  as  yet  exactly  made  out ; 
for,  though  it  has  been  maintained  by  some  observers  that  some  of 
the  nerve-fibres  end  in  the  secreting  cells,  this  has  not  been  satis- 
.factorily  proved.  Numerous  nerve-cells  may  be  seen  scattered 
along  the  nerve-fibres  where  they  pass  into  the  gland  at  the  *  hilus ' 
whence  the  main  duct  issues. 

Of  the  nervous  supply  of  the  stomach,  derived  partly  from  both 
vagi  nerves,  and  partly  from  the  solar  plexus,  we  shall  also  have  to 
speak  later  on,  we  may  here  simply  say  that  the  fibres  end  for  the 
most  part  in  a  peculiar  plexus  between  the  circular  and  longitu- 
dinal muscular  layers,  and  in  another  peculiar  plexus  in  the 
submucous  coat,  the  two  plexuses  corresponding  to  what  we  shall 
describe  in  the  small  intestine  as  the  plexus  of  Auerbach  and  the 
plexus  of  Meissner. 


The  Pancreds. 

§  220.  The  structure  of  the  pancreas  is  so  similar  to  that  of  a 
salivary  gland  that  though  we  shall  not  deal  with  the  properties 
and  characters  of  the  pancreatic  juice  until  later  on,  it  will  be 
convenient  to  consider  the  histology  of  the  gland  now. 

Whether  as  in  man,  in  the  dog  and  in  most  other  animals  it 
forms  a  compact  mass,  or  as  in  the  rabbit  is  spread  out  into  a  thin 
sheet,  the  pancreas  is  in  all  cases  a  compound  racemose  gland  con- 
sisting of  ducts  and  alveoli  arranged  in  lobes  and  lobules.  In  man 
the  smaller  ducts  join  one  main  duct,  which  running  lengthwise 
through  the  gland  pierces  the  coats  of  the  du(xlenum  in  company 
with,  and  opens  into  the  interior  of  the  intestine  by  an  orifice 
common  to  it  and  to  the  bile  duct.  Not  infrequently  a  second 
but  smaller  main  duct  coming  from  the  lower  part  of  the  head  of 
the  gland  joins  the  intestine  lower  down ;  in  the  dog  such  a  second 
duct  is  a  usual  occurrence.  In  the  rabbit  the  main  duct  does  not 
join  the  intestine  with  the  bile  duct,  but  at  a  considerable  distance, 
several  centimetres,  lower  down,  so  that  in  this  animal  the  bile  and 
pancreatic  juice  are  not  poured  together  into  the  intestine,  but 
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the  food  is  for  a  distance  exposed  to  the  action  of  the  former  before 
it  meets  with  the  latter. 

The  structure  of  the  ducts  is,  in  all  essential  points,  similar  to 
that  of  the  ducts  of  a  salivary  gland,  save  that  the  striation  of  the 
epithelial  cells  is  less  distinct.  As  in  the  case  of  the  salivary 
^land,  the  ductule,  or  narrow  terminal  portion  of  the  duct,  just  as 
it  joins  the  alveoli  is  lined  by  flat  spindle-shaped  cells. 

The  alveoli  also  are  similar  to  those  of  a  salivary  gland  save 
perhaps  that  they  are  relatively  longer  and  more  tubular;  the 
lumen  in  all  cases  is  very  narrow.  As  compared  with  a  salivary 
gland  the  alveoli  are  relatively  more  numerous  than  the  ducts,  so 
that  in  a  section  of  the  gland  relatively  fewer  ducts  are  seen  cut 
acrosa  Elach  alveolus  is  lined  with  one  kind  of  cell  only,  which  is 
much  more  similar  to  an  albuminous  than  to  a  mucous  cell ;  there 
are  no  demilune  cella  The  more  minute  features  of  the  alveolus 
differ  according  as  the  gland  has  been  '  resting '  and  so  is  '  loaded,' 
or  has  been  *  active '  and  so  is  *  discharged.'  The  cells  lining  the 
alveolus  are  more  or  less  polyhedral  in  form,  and  each  cell  consists 
of  a  clear  transparent  cell-body,  in  which  occur  a  number  of 
refractive  discrete  "granules;"  a  spherical  nucleus  lies  at  about 
the  outer  third  of  the  cell.  In  a  '  loaded '  cell  these  granules  are 
veiy  abundant,  and  reach  from  the  narrow,  inconspicuous  lumen  to 
near  the  outer  margin  of  the  cell,  so  as  to  leave  only  a  narrow 
clear  transparent  zone  immediately  bordering  on  the  basement 
membrane ;  the  cell-substance  is  so  thickly  studded  with  these 
*  granules '  that  the  nucleus  is  completely  hidden,  and  the  greater 
part  of  the  coll  appears  quite  dark.  In  a  *  discharged '  cell  these 
granules  are  far  less  numerous,  and  are  largely  confined  to  the 
inner  part  of  the  cell  abutting  on  the  lumen,  so  that  there  is 
established  a  clear  distinction  between  a  narrow  inner  "  granular  '* 
zone  and  a  clear  transparent  outer  zone,  free  or  nearly  free  from 
granule&  The  width  of  the  granular  zone  varies  in  fact  with  the 
condition  of  the  gland ;  when  the  gland  has  been  very  active  the 
granular  zone  is  very  narrow,  when  moderately  active,  it  is  broader, 
and  when  the  gland  has  been  for  some  time  wholly  at  rest  and  is 
therefore  loaded,  the  granular  zone  may  encroach  on  nearly  the 
whole  cell.  But  we  shall  have  to  return  to  these  matters 
presently. 

In  the  pancreas  of  the  rabbit  and  some  other  animals  groups 
of  cells  of  a  peculiar  nature  may  be  seen  intercalated  at  intervals 
in  the  midst  of  the  true  glandular  substance.  These  are  rounded 
or  polyhedral  in  form,  and  have  a  clear  cell-substance  with  a 
relatively  large  nucleus ;  they  do  not  form  alveoli  and  they  have 
no  ducts.  Each  of  these  groups  is  supplied  with  blood  vessels 
forming  a  capillary  network  more  close  set  than  elsewhere.  The 
exact  nature  of  these  cells  is  at  present  a  matter  of  doubt. 

The  pancreas  is  supplied  with  nerves  coming  from  the  solar 
plexus,  and  consisting  partly  of  medullated  and  partly  of  non- 
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meduUated  fibres.  As  in  the  case  of  the  salivaiy  glands  nerve-cells 
are  found  in  connection  with  the  nerve-fibres  as  these  pass  into  the 
gland. 

The  Structure  of  the  CEsapIiagus. 

§  221.  In  the  general  plan  of  its  structure  the  oesophagus 
resembles  the  rest  of  the  alimentary  canal,  for  it  consists  of  a 
mucous  membrane,  with  a  muscularis  mucosae  and  glands,  a  loose 
submucous  coat,  and  a  muscular  coat  comprising  an  inner  circular 
and  an  outer  longitudinal  layer.  But  the  epithelium,  epiblastic 
in  origin,  is  very  different  from  that  of  the  stomach  or  intestine, 
and  both  circular  and  longitudinal  muscular  layers  are  composed 
to  a  large  extent  not  of  unstriated  but  of  striated  fibres  like  those 
of  the  skeletal  muscles. 

In  a  vertical  section  of  the  oesophagus  it  will  be  seen  that  the 
epithelium  is  not  arranged  as  a  single  layer  of  cells,  but  is  several 
cells  deep.  The  lower  cells  near  the  basement  membrane,  which  is 
not  very  distinct,  are  cylindrical  or  spheroidal  cells  with  granular 
'protoplasmic'  cell-substance,  but  those  nearer  the  surface  are 
more  flattened,  and  the  uppermost  cells  are  mere  flattened  nu- 
cleated scales,  the  bodies  of  which  are  no  longer  protoplasmic 
but  have  become  changed  into  a  peculiar  material.  Such  an 
epithelium  is  called  a  *  stratified'  epithelium.  A  similar  epithe- 
lium lines  the  greater  part  of  the  pharynx  and  the  mouth,  and 
is  continuous  with  the  corresponding  epithelium  of  the  sldn  or 
"  epidermis  "  of  which  we  shall  have  to  speak  later  on.  At  the 
cardiac  orifice  there  is  a  sudden  transition  from  this  stratified 
epithelium  to  the  gastric  epithelium  previously  described. 

The  looseness  of  the  submucous  coat  permits  the  mucous 
membrane  to  be  thrown  into  temi>orary  longitudinal  folds  which 
disappear  when  the  canal  is  distended.  But  besides  this,  the  line 
of  the  basement  membrane,  of  the  connective  tissue  basis  of 
epithelium,  *  dermis  *  or  *  corium  *  as  the  corresponding  part  of  the 
skin  is  called,  is  raised  up  into  a  number  of  permanent  conical 
elevations  or  papilhe,  in  which  the  connective  tissue  is  especially 
fine  and  which  are  richly  provided  with  blood  vessels.  The  surface 
line  of  the  epithelium  does  not  follow  the  inequalities  of  the 
dermis  produced  by  these  papillae,  but  remains  fairly  even.  In  the 
presence  of  these  papillae  the  mucous  membrane  of  the  oesophagus 
also  resembles  the  skin,  but  in  the  latter  structure  the  papillae  are 
more  abundant  and  more  regular  in  form  and  size. 

The  dermis,  or  connective  tissue  basis  of  the  epithelium,  is  a 
network  of  fibres  and  fine  bundles  of  connective  tissue,  with 
connective  tissue  corpuscles  and  a  considerable  number  of  fine 
elastic  fibres;  the  number  of  leucocvtes  in  the  meshes  of  the 
network  is  relatively  scanty.  A  few  scattered  masse§  of  retiform 
or  adenoid  tissue,  of  which  we  shall  speak  later  on,  occur  here  and 
there. 
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The  mucous  membrane  proper  is  defined  from  the  underlying 
submucous  tissue  by  a  muscularis  mucosas  of  plain  unstriated 
muscular  fibres,  lying  at  some  distance  from  the  epithelium. 
These  muscular  fibres  are  absent  at  the  upper  part  of  the 
oesophagus,  appear  lower  down  in  isolated  longitudinal  bundles, 
and  eventually  form  a  distinct  layer,  which  however  is  not  so 
regular  as  in  the  rest  of  the  alimentary  canal,  and  consists  of 
lon^tudinal  fibres  only,  circular  fibres  being  absent. 

In  man  a  few  but  in  other  animals  a  considerable  number  of 
small  'mucous*  and  'albuminous*  glands  are  found  in  the  submucous 
tissue;  their  ducts,  penetrating  the  muscularis  mucosae  where 
present,  open  on  to.  the  surface  of  the  mucous  membrane.  In  man 
and  mammalia  these  glands  appear  to  serve  only  the  purpose  of 
keeping  the  internal  surface  of  the  oesophagus  moist ;  but  in  some 
animals,  as  in  the  frog,  in  which  the  epithelium  of  the  (esophagus 
is  not  the  many  layered  stratified  epithelium  just  described,  but 
a  single  layer  of  columnar  ciliated  cells  mixed  with  mucous  cells, 
of  the  kind  which  we  shall  later  on  describe  as  *  goblet '  cells,  there 
is  a  large  development  of  glands  at  the  lower  part  of  the  oeso- 
phagus, and  the  cells  of  these  glands  manufacture  pepsin. 

As  in  other  parts  of  the  alimentary  canal  the  submucous  tissue 
carries  the  larger  blood  vessels  whose  smaller  branches  supply  the 
mucous  membrane;  and  lymphatics,  beginning  in  the  mucous 
membrane,  form  considerable  plexuses  in  the  submucous  coat. 

§  222.  In  man  both  the  thicker  inner  circular  and  the  outer 
thinner  longitudinal  muscular  layer  consist  in  the  upper  part  of 
the  oesophagus  exclusively  of  bundles  of  striated  fibres,  which  in 
their  main  characters  are  identical  with  ordinary  fibres  of  skeletal 
muscles.  At  about  the  end  of  the  upper  third  or  sooner,  bundles 
of  plain  unstriated  fibres  make  their  appearance  among  the 
bundles  of  striated  fibres,  and  a  little  lower  down  the  striated 
fibres  disappear,  so  that,  in  the  lower  half  or  more  of  the  tube, 
both  circular  and  longitudinal  layers  are  composed  almost  exclu- 
sively of  plain  unstriated  fibres,  a  few  stray  bundles  of  striated 
muscle  being  found  here  and  there.  The  relation  of  the  striated 
and  unstriated  fibres  differs  however  in  different  animals ;  in  some 
the  striated  tissue  reaches  down  nearly  to  the  stomach. 

Above,  both  longitudinal  and  circular  layers  merge  into  the 
inferior  constrictor  of  the  pharynx ;  below,  the  longitudinal 
bundles  spread  out  in  a  radial  fashion  to  join  the  corresponding 
longitudinal  muscular  coat  of  the  stomach,  and  the  circular  fibres 
are  also  continuous  with  the  circular  and  oblique  layers  of  the 
stomach,  more  especially  with  the  latter.  Before  the  circular 
fibres  thus  spread  out  over  the  stomach,  they  undergo  a  somewhat 
increased  development  forming  a  sort  of  sphincter  of  the  cardiac 
orifice. 

Outside  the  longitudinal  muscular  coat  of  the  oesophagus  there 
is  a  considerable  development  of  connective  tissue  forming  what  is 
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sometimes  spoken  of  as  a  fibrous  sheath.  In,  or  rather  perhaps  on, 
this  sheath  in  the  lower  part  of  the  oesophagus  run  the  two  vagi 
nerves,  with  the  oesophageal  plexus  which  is  formed  by  branches 
running  from  the  one  to  the  other.  In  it  also  run  the  larger 
blood  vessels. 

§  223.  It  is  obvious  that  the  oesophamis  is  much  more  a 
muscular  than  a  secreting  structure,  and  further  that  a  distinction 
is  to  be  made  between  the  upper  part  of  the  oesophagus  where  the 
muscular  fibres  are  striated,  and  the  lower  part  where  they  are 
unstriated.  Corresponding  more  or  less  clearly  to  this  distinction 
we  find  that  though  the  whole  oesophagus  is  supplied  by  nerve 
fibres  from  the  trunk  of  the  vagus  (which  however  it  must  be 
remembered  contains  besides  fibres  of  the  vagus  proper,  fibres  from 
the  spinal  accessory  nerve  and  from  other  sources)  the  supply  to 
the  upper  part  takes  a  different  course  from  the  supply  to  the 
lower  part.  Thus  in  man  the  upper  part  is  supplied  by  branches 
of  the  recurrent  laryngeal  nerve  as  it  runs  up  between  the  trachea 
and  oesophagus,  while  the  lower  part  derives  its  nerve  fibres  from 
the  oesophageal  plexus  formed  by  the  two  vagi.  In  various 
animals  the  supply  of  the  upper  part  varies,  coming  in  some  cases 
chiefly  from  the  phar3mgeal  branch  of  the  vagus,  and  being  in  the 
rabbit  a  distinct  branch  of  the  vagus.  In  all  cases  however  it 
would  seem  that  the  lower  part  of  the  oesophagus,  the  upper  limit 
being  placed  higher  or  lower  in  different  animals,  is  supplied  from 
the  oesophageal  plexus.  It  may  be  remarked  that  the  fibres  in 
this  plexus  are  for  the  most  part  non-meduUated  fibres,  but  we 
shall  have  to  return  to  these  nerves  in  speaking  of  the  movements 
of  the  oesophagua 


SEC.  3.  THE  ACT  OF  SECRETION  OF  SALIVA  AND 
GASTRIC  JUICE  AND  THE  NERVOUS  MECHANISMS 
WHICH   REGULATE   IT. 


§  224.  The  saliva  and  gastric  juice  whose  properties  we  have 
studied,  though  so  different  from  each  other,  are  both  drawn 
ultimately  from  one  common  source,  the  blood,  and  they  are  poured 
into  the  alimentary  canal,  not  in  a  continuous  flow,  but  intermit- 
tently as  occasion  may  demand.  The  epithelium  cells  which 
supply  them  have  their  periods  of  rest  and  of  activity,  and  the 
amount  and  quality  of  the  fluids  which  these  cells  secrete  are 
determined  by  the  needs  of  the  economy  as  the  food  passes  along 
the  canal.  We  have  now  to  consider  how  the  epithelium  cell 
manufactures  its  special  secretion  out  of  the  materials  supplied  to 
it  by  the  blood,  and  how  the  cell  is  called  into  activity  by  the 
presence  of  food,  it  may  be  as  in  the  case  of  saliva  at  some  distance 
from  itself,  or  by  circumstances  which  do  not  bear  directly  on 
itself.  In  dealing  with  these  matters  in  connection  with  the 
digestive  juices,  we  shall  have  to  enter  at  some  length  into  the 
physiology  of  secretion  in  general. 

The  question  which  presents  itself  first  is :  By  what  mechanism 
is  the  activity  of  the  secreting  cells  brought  into  play  ? 

While  fasting,  a  small  quantity  only  of  saliva  is  poured  into  the 
mouth ;  the  buccal  cavity  is  just  moist  and  nothing  more.  When 
food  is  taken,  or  when  any  sapid  or  stimulating  substance,  or 
indeed  a  body  of  any  kind,  is  introduced  into  the  mouth,  a  flow  is 
induced  which  may  be  very  copious.  Indeed  the  quantity  secreted 
in  ordinary  life  during  24  hours  has  been  roughly  calculated  at  as 
much  as  from  1  to  2  litres.  An  abundant  secretion  in  the  absence 
of  food  in  the  mouth  may  be  called  forth  by  an  emotion,  as  when 
the  mouth  waters  at  the  sight  of  food,  or  by  a  smell,  or  by  events 
occurring  in  the  stomach,  as  in  some  cases  of  nausea.  Evidently 
in  these  instances  some  nervous  mechanism  is  at  work.  In  studying 
the  action  of  this  nervous  mechanism,  it  will  be  of  advantage  to 
confine  our  attention  at  first  to  the  submaxillary  gland. 
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§  226.  The  submaxillary  gland  is  supplied  with  two  sets  of 
nerves.  These  are  represented  in  Fig.  62,  which  is  a  very  diagjram- 
matie  rendering  of  the  appearances  presented  when  the  submaxillary 
gland  is  prepared  for  an  experiment  in  a  dog,  the  animal  being 
placed  on  its  back  and  the  gland  exposed  from  the  neck.  The  one 
set,  and  that  the  more  important,  belongs  to  the  chorda  tympani 
nerve  {ch.f).  This  is  a  small  nerve,  which  branches  off  from  the 
facial  or  seventh  cranial  nerve  in  the  Fallopian  canal  before  the 
nerve  issues  from  the  skull.  Whether  it  really  belongs  to  the 
facial  proper  has  been  doubted ;  in  man  the  fibres  which  form  it  are 
either  fibres  coming  not  from  the  roots  of  the  facial  proper  but  from 
the  portio  intermedia  Wrisbergi,  or,  according  to  some,  fibres 
which  though  joining  the  facial  in  the  Fallopian  canal  are  ulti- 
mately derived  from  another  (the  fifth)  cranial  nerve.  Leaving 
the  facial  nerve  the  chorda  tjrmpani  passes  through  the  tympanic 
cavity  or  drum  of  the  ear  (hence  the  name)  and  joins  or  rather 
runs  in  company  {ch.t')  with  the  lingual  or  gustatory  branch  of  the 
fifth  nerve.  Some  of  the  fibres  run  on  with  the  lingual  right  down 
to  the  tongue  (these  are  not  shewn  in  the  figure),  but  many  leave 
the  lingual  as  a  slender  nerve  (ch.t),  which  reaching  Wharton's 
duct  or  duct  of  the  submaxillary  gland  {8m.d)  runs  along  the  duct 
to  the  gland.  As  the  nerve  courses  along  the  duct  nerve  cells  make 
their  appearance  among  the  fibres,  and  these  are  especially  abun- 
dant just  after  the  duct  enters  the  hilus  of  the  gland.  The  fibres 
may  be  traced  into  the  gland  for  some  distance,  but  as  we  have 
said  their  ultimate  ending  has  not  yet  been  definitely  made  out. 
Along  its  whole  course  up  to  the  gland,  the  fibres  of  the  chorda 
are  very  fine  meduUated  fibres,  but  they  lose  their  medulla  in 
the  gland. 

The  other  set  of  nerve-fibres  reaches  the  gland  along  the  small 
arteries  of  the  gland.  These  are  non-medullated  fibres  mixed  with 
a  few  meduUated  fibres  and  may  be  traced  back  to  the  superior 
cervical  ganglion.  From  thence  they  may  be  traced  still  further 
back  down  the  cervical  sympathetic  to  the  spinal  cord,  following 
apparently  the  same  tract  as  the  vaso-constrictor  fibres,  treated  of 
in  §  166. 

§  226.  If  a  tube  be  placed  in  the  duct,  it  is  seen  that  when 
sapid  substances  are  placed  on  the  tongue,  or  the  tongue  is 
stimulated  in  any  other  way,  or  the  lingual  nerve  is  laid  bare  and 
stimulated  with  an  interrupted  current,  a  copious  flow  of  saliva 
takes  place.  If  the  sympathetic  be  divided,  stimulation  of  the 
tongue  or  lingual  nerve  still  pro<luce8  a  flow.  But  if  the  small 
chorda  nerve  be  divided,  stimulation  of  the  tongue  or  lingual  nerve 
produces  no  flow. 

Evidently  the  flow  of  saliva  is  a  nervous  reflex  action,  the 
lingual  nerve  serving  as  the  channel  for  the  afferent  and  the  small 
chorda  nerve  for  tne  efferent  impulses.  If  the  trunk  of  the 
lingual  be  divided  above  the  point  where  the  chorda  leaves  it,  as 
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at  n.1',  Fig.  62,  stinaulatioa  of  the  (frontpart  of)  tongue  produces, 
ttuder  oramaiy  eircumstancea,  no  flow,  Thia  shews  that  the  centre 
of  the  reflex  action  is  higher  up  than  the  point  of  section ;  it  lies 
in  bkct  in  the  brain. 


Via. 


Doo 


(The  duaection  has  been  nude  on  an  acinial  Ijing  on  its  buck,  but  since  all  the 
puts  ihevn  ia  tbe  figure  cannot  be  aeen  from  any  one  point  of  view,  the  fignn 
ooea  not  give  tbe  exact  anatomical  relations  of  the  several  structorea.) 

m.  gid.  The  sabmsxitUry  gland,  into  the  dnct  itm.  d.)  of  which  a  cannnla  has 
bMD  tied.  Tbe  enblingual  gland  and  dact  ore  not  Bbewn.  n.  I.,  n.  I'.  The  lingaal 
bnnch  of  the  fifth  nerve,  the  part  n.  I,  is  going  to  the  tonRue.  ch.t.,  ch.t'.,  th.t". 
The  chorda  tjmpani.  The  part  cA.  C".  ie  proceeding  from  the  facial  nerve  ;  at  ch.  ('. 
it  become*  conjoined  with  the  lingual  n.  V  aud  afterwards  diverging  pasfea  as  ch.  t, 
i»  the  gland  along  the  dnot;  tbe  continuation  of  tbe  nerve  in  compan;  with  tbe 
lingnal  r.  I.  ia  not  shewD.  im.  gId.  The  anbrnaxillar;  ganglion  with  its  Beveral 
roola.  a.  ear.  The  carotid  artec7,  two  small  branches  of  which,  a.im.a.  uailr.im.p.. 
pM8  to  the  anterior  and  posterior  parts  of  the  gland,  v.  i.m.  The  anterior  and  pos- 
terior veins  from  the  gland,  falling  into  v.  J.  the  jugular  vein,  v.tym.  Tbe  con- 
joined vagus  and  Bynipatbetic  truakB.  g.  ctT.  >.  The  upper  cervical  ganRlion,  two 
brooobes  ot  which  forming  a  plexus  (a./.)  over  the  facial  nrtery,  are  distriboted 
(h.  tym.  tm.)  aloug  tbe  tvo  glaudalar  arteries  to  the  anterior  and  posterior  portions 
of  toe  gland. 

The  arrows  indicate  tbe  direction  taken  by  the  nervous  impulses  during  reflex 
■timaUtion  of  tbe  gland.  The;  ascend  to  the  brain  b;  the  lingual  and  descend  by 
tbe  chorda  ^mpani. 

In  the  angle  between  the  lingual  and  the  chorda^  where  the  latter 
leaves  the  former  to  pass  to  the  gland,  lies  the  small  submaxillary  gan- 
glion (represented  diagrammatically  in  Fig.  S'2  sm.  r/l.).  This  consists 
of  small  masses  of  nerve  cells  lying  on  the  small  bundles  of  nerve-fibres 
which   spread  out  like  a  fan  from  tbe  lingual  and  chorda  tympani 
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nerves  (ch.  t,)  towards  the  ducts  of  the  submaxillary  and  sublingual 
glands.  It  has  been  much  debated  whether  this  ganglion  can  act  as  a 
centre  of  reflex  action  in  connection  with  the  submaxillary  gland,  but 
no  conclusive  evidence  that  it  does  so  act  has  as  yet  been  shewn ;  it 
probably  belongs  in  reality  to  the  sublingual  gland.* 

Stimulation  of  the  glossopharyngeal  is  even  more  effectual 
than  that  of  the  lingual.  Probably  this  indeed  is  the  chief 
afferent  nerve  in  ordinary  secretion.  Stimulation  of  the  mucous 
membrane  of  the  stomach  (as  by  food  introduced  through  a 
gastric  fistula)  or  of  the  vagus  may  also  produce  a  flow  of  saliva,  as 
indeed  may  stimulation  of  the  sciatic,  and  probably  of  many  other 
afferent  nervea  All  these  cases  are  instances  of  reflex  action,  the 
cerebro-spinal  system  acting  as  a  centre.  We  may  further  define 
the  centre  as  a  part  of  the  medulla  oblongata,  apparently  not  far 
removed  from  the  vaso-motor  centre.  When  the  brain  is  removed 
down  to  the  medulla  oblongata,  that  organ  being  left  intact,  a  flow 
of  saliva  may  still  be  obtained  by  adequate  stimulation  of  various 
afferent  nerves ;  when  the  medulla  is  destroyed  no  such  action  is 
possible.  And  a  flow  of  saliva  may  be  produced  by  direct  stimu- 
lation of  the  medulla  itself  When  a  flow  of  saliva  is  excited  by- 
ideas,  or  by  emotions,  the  nervous  processes  begin  in  the  higher 
parts  of  the  brain,  and  descend  thence  to  the  medulla  before  they 
give  rise  to  distinctly  efferent  impulses ;  and  it  would  appear  that 
these  higher  parts  of  the  brain  are  called  into  action  when  a  flow 
of  saliva  is  excited  by  distinct  sensations  of  taste. 

Considering  then  the  flow  of  saliva  as  a  reflex  act  the  centre 
of  which  lies  in  the  medulla  oblongata,  we  may  imagine  the 
efferent  impulses  passing  from  that  centre  to  the  gland  either,  by 
the  chorda  tympani  or  by  the  sympathetic  nerve.  Although  it 
would  perhaps  be  rash  to  say  that  in  this  relation  the  sympathetic 
nerve  never  acts  as  an  efferent  channel,  as  a  matter  of  fact  we 
have  no  satisfactory  experimental  evidence  that  it  does  so ;  and  we 
may  therefore  state  that,  practically,  the  chorda  tympani  is  the 
sole  efferent  nerve.  Section  of  that  nerve,  either  where  the  fibres 
pass  from  the  lingual  nerve  and  the  submaxillary  ganglion  to  the 
gland,  or  where  it  runs  in  the  same  sheath  as  the  lingual,  or 
m  any  part  of  its  course  from  the  main  facial  trunk  to  the  lingual, 
puts  an  end,  as  far  as  we  know,  to  the  possibility  of  any  flow  being 
excited  by  stimuli  applied  to  the  sensory  nerves,  or  to  the  sentient 
surfaces  of  the  mouth  or  of  other  parts  of  the  body. 

The  natural  reflex  act  of  secretion  may  be  inhibited,  like  the 
reflex  action  of  the  vaso-motor  nerves,  at  its  centre.  Thus  when, 
as  in  the  old  rice  ordeal,  fear  parches  the  mouth,  it  is  probable 
that  the  afferent  impulses  caused  by  the  presence  of  food  in  the 
mouth  cease,  through  emotional  inhibition  of  their  reflex  centre,  to 
give  rise  to  efferent  impulses. 

§  227.     In  life,  then,  the  flow  of  saliva  is  brought  about  by  the 
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advent  t«)  the  gland  along  the  chorda  tympani  of  efferent  impulses, 
started  chiefly  by  reflex  actions.  The  inquiry  thus  narrows  itself 
to  the  question  :  In  what  manner  do  these  efferent  impulses  cause 
the  increase  of  flow  ? 

If  in  a  dog  a  tube  be  introduced  into  Wharton's  duct,  and  the 
chorda  be  divided,  the  flow,  if  any  be  going  on,  is  from  the  lack  of 
efferent  impulses  arrested.  On  passing  an  interrupted  current 
through  the  peripheral  portion  of  the  chorda,  a  copious  secretion 
at  once  takes  place,  and  the  saliva  begins  to  rise  rapidly  in  the 
tube ;  a  very  short  time  afler  the  application  of  the  current  the 
flow  reaches  a  maximum  which  is  maintained  for  some  time,  and 
then,  if  the  current  be  long  continued,  gradually  lessens.  If  the 
current  be  applied  for  a  short  time  only,  the  secretion  may  last  for 
some  time  after  the  current  has  been  shut  off  The  saliva  thus 
obtained  is  but  slightly  viscid,  and  under  the  microscope  a  very 
few  salivary  corpuscles,  and,  occasionally  only,  amorphous  lumps 
of  peculiar  material,  probably  mucous  in  nature,  are  seen.  If  the 
gland  itself  be  watched,  while  its  activity  is  thus  roused,  it  will  be 
seen  (as  we  have  already  said,  §  167)  that  its  arteries  are  dilated, 
and  its  capillaries  filled,  and  that  the  blood  flows  rapidly  through 
the  veins  m  a  full  stream  and  of  bright  arterial  hue,  frequently  with 
pulsating  movements.  If  a  vein  of  the  gland  be  opened,  this  large 
increase  of  flow,  and  the  lessening  of  the  ordinary  deoxygenation 
of  the  blood  consequent  upon  the  rapid  stream,  will  be  still  more 
evident.  It  is  clear  that  excitation  of  the  chorda  largely  dilates 
the  arteries ;  the  nerve  acts  energetically  as  a  vaso-dilator  nerve. 

Thus  stimulation  of  the  chorda  brings  about  two  events:  a 
dilation  of  the  blood  vessels  of  the  gland,  and  a  flow  of  saliva. 
The  question  at  once  arises.  Is  the  latter  simply  the  result  of  the 
former  or  is  the  flow  caused  by  some  direct  action  on  the  secreting 
cells,  apart  from  the  increased  blood-supply  ?  In  support  of  the 
former  view  we  might  argue  that  the  activity  of  the  epithelial 
secreting  cell,  like  that  of  any  other  fonn  of  protoplasm,  is 
dependent  on  blood-supply.  When  the  small  arteries  of  the  gland 
dilate,  while  the  pressure  in  the  arteries  on  the  side  towards  the 
heart  is  (as  we  have  previously  seen  when  treating  generally  of 
blood-pressure  §  120)  correspondingly  diminished,  the  pressure  on 
the  far  side  in  the  capillaries  ana  veins  is  increased ;  hence  the 
capillaries  become  fuller,  and  more  blood  passes  through  them  in 
a  given  time.  From  this  we  might  infer  that  a  larger  amount  of 
nutritive  material  would  pass  away  from  the  capillaries  into  the 
surrounding  lymph-spaces,  and  so  into  the  epithelium  cells,  the 
result  of  which  would  naturally  be  to  quicken  the  processes  going 
on  in  the  cells,  and  to  stir  these  up  to  greater  activity.  But  even 
admitting  all  this  it  does  not  necessarily  follow  that  the  activity 
thus  excited  should  take  on  the  form  of  secretion.  It  is  quite 
possible  to  conceive  that  the  increased  blood-supply  should  lead 
only  to  the  accumulation  in  the  cell  of  the  constituents  of  the 
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saliva,  or  of  the  raw  materials  for  their  construction,  and  not 
to  a  discharge  of  the  secretion,  A  man  works  better  for  being 
fed,  but  feeding  does  not  make  him  work  in  the  absence  of  any 
stimulus.  The  increased  blood-supply  therefore,  while  favourable 
to  active  secretion,  need  not  necessarily  bring  it  about.  Moreover, 
the  following  facts  distinctly  shew  that  it  need  not.  When 
a  cannula  is  tied  into  the  duct  and  the  chorda  is  energetically 
stimulated,  the  preasure  accjuired  by  the  saliva  accumulated  in 
the  cannula  and  in  the  duct  may  exceed  for  the  time  being  the 
arterial  blood-pressure,  even  that  of  the  carotid  artery;  that  is 
to  say,  the  pressure  of  fluid  in  the  gland  outside  the  blood  vessels 
is  greater  than  that  of  the  blood  inside  the  blood  vessels.  This 
must,  whatever  be  the  exact  mode  of  transit  of  nutritive  mat-erial 
through  the  vascular  walls,  tend  to  check  that  transit.  Again,  if 
the  head  of  an  animal  be  rapidly  cut  off,  and  the  chorda  immedi- 
ately stimulated,  a  flow  of  saliva  takes  place  far  too  copious  to  be 
accounted  for  by  the  emptying  of  the  salivary  channels  through 
any  supposed  contraction  of  their  walls.  In  this  case  secretion  is 
excited  in  the  gland  though  the  blood-supply  is  limited  to  the 
small  quantity  still  remaining  in  the  blood  vessels.  Lastly,  if  a 
small  quantity  of  atropin  be  injected  into  the  veins,  stimulation  of 
the  chorda  produces  no  secretion  of  saliva  at  all,  though  the  dilation 
of  the  blood  vessels  takes  place  as  usual ;  in  spite  of  the  greatly 
increased  blood-supply  no  secretion  at  all  takes  place.  These 
facts  prove  that  the  secretory  activity  is  not  simply  the  result 
of  vascular  changes,  but  may  be  called  forth  independently ;  they 
further  lead  us  to  suppose  that  the  chorda  contains  two  sets  of 
fibres,  one  which  we  may  call  secretory  fibres,  acting  directly  on  the 
secreting  structures  only,  and  the  other  vaso-dilator  fibres,  acting 
on  the  blood  vessels  only,  and  further  that  atropin,  while  it  has  no 
effect  on  the  latter,  paralyses  the  former  just  as  it  paralyses  the  in- 
hibitor}^ fibres  of  the  vagus.  Hence  when  the  chorda  is  stimulated, 
there  pass  down  the  nerve,  in  addition  to  impulses  affecting  the 
blood-supply,  impulses  affecting  directly  the  protoplasm  of  the  se- 
creting cells,  and  calling  it  into  action,  just  as  similar  impulses  call 
into  action  the  contractility  of  the  substance  of  a  muscular  fibre. 
Indeed  the  two  things,  secreting  activity  and  contracting  activity, 
are  very  parallel.  We  know  that  when  a  muscle  contracts,  it8 
blood  vessels  dilate ;  and  much  in  the  same  way  as  by  atropin  the 
secreting  action  of  the  gland  may  be  isolated  from  the  vascular 
dilation,  so  (in  the  frog  at  all  events)  by  a  proper  dose  of  urari 
muscular  contraction  may  be  removed,  and  leave  dilation  of  the 
blood  vessels  as  the  only  effect  of  stimulating  the  muscular  nerve. 
In  both  cases  the  greater  flow  of  blood  may  be  an  adjuvant  to,  but 
is  not  the  exciting  cause  of,  the  activity  of  the  structures. 

Since  the  chorda  acts  thus  directly  on  the  secreting  cells,  we 
shouM  expect  to  find  an  anatomical  connection  between  the  cells 
and  the  nerve ;  and  some  authors  have  maintained  that  the  nerve- 
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fibres  may  be  traced  into  the  cells.  But,  save  perhaps  in  the  case  of 
certain  glands  of  invertebrates  (so-called  salivary  glands  of  Blatta), 
the  evidence  as  we  have  said  is  as  yet  not  convincing. 

§  228.  When  the  cervical  sympathetic  is  stimulated,  the 
vascular  effects,  as  we  have  already  said,  §  168,  are  the  exact 
contrary  of  those  seen  when  the  chorda  is  stimulated.  The  small 
arteries  are  constricted,  and  a  small  quantity  of  dark  venous  blood 
escapes  by  the  veins.  Sometimes,  indeed,  the  flow  through  the 
gland  is  almost  arrested.  The  sympathetic  therefore  acts  as  a 
vaso-constrictor  nerve,  and  in  this  sense  is  antagonistic  to  the 
chorda. 

As  concerns  the  flow  of  saliva  brought  about  by  stimulation  of 
the  sympathetic,  in  the  case  of  the  submaxillary  gland  of  the  dog 
the  effects  are  very  peculiar.  A  slight  flow  results,  and  the  saliva 
so  secreted  is  remarkably  viscid,  of  higher  specific  gravity,  and 
richer  in  corpuscles  and  in  the  above-mentionea  amorphous  lumps 
than  is  the  chorda  saliva.  This  action  of  the  sympathetic  is  little 
or  not  at  all  affected  by  atropin. 

In  the  submaxillary  gland  of  the  dog  then  the  contrast  between 
the  effects  of  chorda  stimulation  and  those  of  sympathetic  stimu- 
lation are  very  marked :  the  former  gives  rise  to  vascular  dilation 
with  a  copious  flow  of  fairly  limpid  saliva  poor  in  solids,  the  latter 
to  vascular  constriction  with  a  scanty  flow  of  viscid  saliva  richer 
in  solids.  And  in  other  animals  a  similar  contrast  prevails,  though 
with  minor  differences.  Thus  in  the  rabbit  both  chorda  saliva  and 
sympathetic  saliva  are  limpid  and  free  from  mucus,  though  the 
latter  contains  more  proteids;  in  the  cat,  chorda  saliva  is  more 
viscid  than  sympathetic  saliva;  but  in  both  these  cases,  as  in 
the  dog,  stimulation  of  the  chorda  causes  a  copious  flow  with 
dilated  blood  vessels,  and  stimulation  of  the  sjnmpathetic  a  scanty 
flow  with  vascular  constriction.  We  shall  return  again  presently 
to  these  different  actions  of  the  two  nerves ;  meanwhile  we  have 
seen  enough  of  the  history  of  the  submaxillary  gland  to  learn  that 
secretion  m  this  instance  is  a  reflex  action,  the  efferent  impulses  of 
which  directly  affect  the  secreting  cells,  and  that  the  vascular 
phenomena  may  assist,  but  are  not  the  direct  cause  of,  the  flow. 

§  229.  We  have  dwelt  long  on  this  gland  because  it  has 
been  more  fruitfully  studied  than  any  other.  But  the  nervous 
mechanisms  of  the  other  salivary  glands  are  in  their  main  features 
similar.  Thus  the  secretion  of  the  parotid  gland,  like  that  of  the 
submaxillanr,  is  governed  by  two  sets  of  fibres :  one  of  cerebro- 
spinal origin,  running  along  the  auriculo-temporal  branch  of 
the  fifth  nerve  but  originating  possibly  in  the  glossopharyngeal, 
and  the  other  of  sympathetic  origin  coming  from  the  cervical 
sympathetic.  Stimulation  of  the  cerebro-spinal  fibres  produces  a 
copious  flow  of  limpid  saliva,  free  fix)m  mucus,  the  secretion 
reaching  in  the  dog  a  pressure  of  118  mm.  mercury;  stimulation 
of  the  cervical  sympathetic  gives  rise  in  the  rabbit  to  a  secretion 
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also  free  from  mucus  but  rich  in  proteids  and  of  greater  amylolytic 
power  than  the  cerebro-spinal  secretion;  in  the  dog  little  or  no 
secretion  is  produced,  though,  as  we  shall  see  later  on,  certain 
changes  are  brought  about  in  the  gland  itsel£  In  both  animals 
the  cerebro-spinal  fibres  are  vaso-dilator,  and  the  sympathetic 
fibres  vaso-constrictor  in  action.  Stimulation  of  the  central  end  of 
the  glossopharyngeal  produces  by  reflex  action  a  secretion  ft^m  the 
parotid  gland,  but  that  of  the  lingual  is  said  to  be  without 
effect. 

§  230.  The  secretion  of  gastric  juice.  Though  a  certain  amount 
of  gastric  juice  may  sometimes  be  found  in  the  stomachs  of  fasting 
animals,  it  may  be  stated  generally  that  the  stomach,  like  the 
salivary  glands,  remains  inactive,  yielding  no  secretion,  so  long  as 
it  is  not  stimulated  by  food  or  otherwise.  The  advent  of  food  into 
the  stomach  however  at  once  causes  a  copious  flow  of  gastric  juice ; 
and  the  quantity  secreted  in  the  twenty-four  hours  is  probably  very 
considerable,  but  we  have  no  trustworthy  data  for  calculating  the 
exact  amount.  So  also  when  the  gastric  mucous  membrane  is 
stimulated  mechanically,  as  with  a  feather,  secretion  is  excited: 
but  to  a  very  small  amount  even  when  the  whole  interior  surface 
of  the  stomach  is  thus  repeatedly  stimulated.  The  most  efficient 
stimulus  is  the  natural  stimulus,  viz.  food ;  though  dilute  alkalis 
seem  to  have  unusually  powerful  stimulating  effects;  thus  the 
swallowing  of  saliva  at  once  provokes  a  flow  of  gastric  juice. 
During  fasting  the  gastric  membrane  is  of  a  pale  grey  colour, 
somewhat  dry,  covered  with  a  thin  layer  of  mucus,  and  thrown 
into  folds;  during  digestion  it  becomes  red,  flushed,  and  tumid, 
the  folds  disappear,  and  minute  drops  of  fluid  appearing  at  the 
mouths  of  the  glands,  speedily  run  together  into  small  streams. 
When  the  secretion  is  very  active,  the  blood  flows  from  the 
capillaries  into  the  veins  in  a  rapid  stream  without  losing  its  bright 
arterial  hue.  The  secretion  of  gastric  juice  is  in  fact  accompanied 
by  vascular  dilation  in  the  same  way  as  is  the  secretion  of  saliva. 

§  231.  Seeing  that,  unlike  the  case  of  the  salivary  secretion, 
food  is  brought  into  the  immediate  neighbourhood  of  the  secreting 
cells,  it  is  exceedingly  probable  that  a  great  deal  of  the  secretion 
is  the  result  of  the  working  of  a  local  mechanism ;  and  this  view 
is  supported  by  the  fact  that  when  a  mechanical  stimulus  is 
applied  to  one  spot  of  the  gastric  membrane  the  secretion  is 
limited  to  the  neighbourhood  of  that  spot  and  is  not  excited  in 
distant  parts.  This  local  mechanism  may  be  nervous  in  nature  or 
the  effect  of  the  stimulus  may  perhaps  be  conveyed  directly  from 
cell  to  cell,  from  the  mouth  of  the  gland  to  its  extreme  base, 
without  the  intervention  of  any  nervous  elements;  but  the 
vascular  changes  at  least  would  seem  to  imply  the  presence  of 
a  nervous  mechanism. 

The  stomach  is  supplied  with  nerve-fibres  from  the  two  vagi 
nerves  and  from  the  solar  plexus  of  the  splanchnic  system.     The 
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two  vagi  after  forming  the  oesophageal  plexus  on  the  oesophagus 
are  gathered  together  a^ain  as  two  main  trunks  which  run  along 
the  oesophagus,  the  left  m  the  front  the  right  at  the  back,  to  the 
stomach.  Ihe  left,  or  anterior  nerve  is  distributed  to  the  smaller 
cur\'ature  and  the  front  surface  of  the  stomach,  forming  a  plexus 
in  which  nerve-cells  are  present ;  and  branches  pass  on  to  the  liver 
and  probably  to  the  duodenum.  The  right,  or  posterior  nerve  is 
distributed  to  the  hinder  siuface  of  the  stomach,  but  only  to  the 
extent  of  about  one-third  of  its  fibres ;  about  two-thirds  of  the 
fibres  pass  on  to  the  solar  plexus.  The  fibres  of  the  vagus  nerves 
thus  distributed  to  the  stomach  are  for  the  most  part  non- 
medullated  fibres ;  by  the  time  the  vagus  reaches  the  abdomen  it 
consists  almost  exclusively  of  non-medullated  fibres,  medullated 
fibres  being  very  few;  the  large  number  of  medullated  fibres 
which  the  nerve  contains  in  the  upper  part  of  the  neck  pass  off 
into  the  laryngeal,  cardiac  and  other  branches. 

From  the  solar  plexus  nerves,  arranged  largely  in  plexuses, 
jMkss  in  company  with  the  divisions  of  the  coeliac  artery,  coronary 
^utery  of  the  stomach  and  branches  of  the  hepatic  artery,  to  the 
stomach.     Though  the   two  abdominal  splanchnic  nerves  which 
job  the  solar  plexus  (semilunar  ganglia)  are  chiefly  composed  of 
medullated  fibres,  the  nerves  which  pass  from  the  plexus  to  the 
stomach  are  to  a  large  extent  composed  of  non-medullated  fibres. 
All  these  nerves,  both  the  branches  of  the  vagi  and  those  from  the 
solar  plexus,  lie  at  first  in  company  with  the  arteries  on  the  sur- 
face of  the  stomach  beneath  the  peritoneum.     From  thence  they 
pasB  inwards,  still   in   company  with  arteries,  and  form   on  the 
one  hand  a  plexus,  containing  nerve-cells,  between  the  longitu- 
^nal  and  circular  muscular  coats  corresponding  to  what  in  the 
intestine  we  shall  have  to  speak  of  as  the  plexus  of  Auerbach, 
whence  fibres  are  distributed  to  the  two  muscular  coats,  and  on 
tke  other  hand  a  plexus  in  the  submucous  coat,  also  containing 
nerye-cells,  corresponding  to  what  is  known  in  the  intestine  as 
jleissner's  plexus.     From   this   latter  plexus   fibres  pass  to  the 
Diucous  membrane ;  some  of  these  end  in  the  muscularis  mucosae ; 
J^hether  any  are  connected  with  the  gastric  glands,  and  if  so  how, 
^  not  at  present  known. 

There  are  no  facts  which  afford  satisfactory  evidence  that  any 
P*^  of  this  arrangement  of  nerves  supplies  such  a  local  nervous 
^^hanism  as  was  suggested  above.  The  importance  however  of 
^^ch  a  local  mechanism  whatever  its  nature,  and  the  subordinate 
^alue  of  any  connection  between  the  gastric  membrane  and  the 
Antral  nervous  system,  is  further  shewn  by  the  fact  that  a  secretion 
^»  ^uite  normal  gastric  juice  will  go  on  after  both  vagi,  or  the 
serves  finom  the  solar  plexus  going  to  the  stomach  have  been  divided, 
^i  indeed  when  all  the  nervous  connections  of  the  stomach  are  as 
^  as  possible  severed.  And  all  attempts  to  provoke  or  modify 
8[8stric  secretion  by  the  stimulation  of  the  nerves  going  to  the 
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stomach,  have  hitherto  failed.  On  the  other  hand,  in  cases  of  gastric 
fistula,  where  by  complete  occlusion  of  the  oesophagus  stimulation 
by  the  descent  of  saliva  has  been  avoided,  the  mere  sight  or  smell 
of  food  has  been  seen  to  provoke  a  lively  secretion  of  gastric  juice. 
This  must  have  been  due  to  some  nervous  action ;  and  the  same 
may  be  said  of  the  cases  where  emotions  of  grief  or  anger  suddenly 
arrest  the  secretion  going  on  or  prevent  the  secretion  which  would 
otherwise  have  taken  place  as  the  result  of  the  presence  of  food 
in  the  stomach.  So  that  much  has  yet  to  be  learnt  in  this 
matter. 

§  232.  The  contrast  presented  between  the  scanty  secretion 
resulting  from  mechanical  stimulation  and  the  copious  flow  which 
actual  food  induces  is  interesting  because  it  seems  to  shew  that 
the  secretory  activity  of  the  cells  is  heightened  by  the  absorption 
of  certain  products  derived  from  the  portions  of  food  first  digested. 
This  is  well  illustrated  by  the  following  experiment  of  Heidcnhain. 
This  observer,  adopting  the  method  employed  for  the  intestine, 
of  which  we  shall  speak  later  on,  succeeded  in  isolating  a  portion 
of  the  fundus  from  the  rest  of  the  stomach ;  that  is  to  say,  he  cut 
out  a  portion  of  the  fundus,  sewed  together  the  cut  edges  of  the 
main  stomach,  so  as  to  form  a  smaller  but  otherwise  complete  organ, 
while  by  sutures  he  converted  the  excised  piece  of  fundus  into  a 
small  independent  stomach  opening  on  to  the  exterior  by  a  fistulous 
orifice.  When  food  was  introduceof  into  the  main  stomach  secretion 
also  took  place  in  the  isolated  fundus.  This  at  first  sight  might 
seem  the  result  of  a  nervous  reflex  act ;  but  it  was  observed  that 
the  secondary  secretion  in  the  fundus  was  dependent  on  actual 
digestion  taking  place  in  the  main  stomach.  If  the  material 
introduced  into  the  main  stomach  were  indigestible  or  digested 
with  difiiculty,  so  that  little  or  no  products  of  digestion  were 
formed  and  absorbed  into  the  blood,  such  ex,  gr,  as  pieces  of 
ligamentum  nuchse,  very  little  secretion  took  place  in  the  isolated 
fundus.  We  cjuote  this  now  as  bearing  on  the  question  of  a 
possible  nervous  mechanism  of  gastric  secretion,  but  we  shall  have 
to  return  to  it  under  another  aspect. 


The  changes  in  a  gland  constituting  the  act  of  secretion. 

§  233.  W^e  have  now  to  consider  what  are  the  changes  in  the 
glandular  cells  and  their  surroundings  which  cause  this  flow  of 
fluid  possessing  specific  characters  into  the  lumen  of  an  alveolus, 
and  so  into  a  duct.  It  will  be  convenient  to  begin  with  the 
pancreas. 

The  ihin  extended  pancreas  of  a  rabbit  may,  by  means  of 
special  precautions,  be  spread  out  on  the  stage  of  a  microscope 
and  examined  with  even  high  powers,  while  the  animal  is  not  only 
alive  but  under  such  conditions  that  the  gland  remains  in  a  nearly 
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normal  state,  capable  of  secreting  vigorously.  It  is  possible  under 
these  circumstaQcea  to  observe  even  minutely  the  appearances 
presented  by  the  gland  when  at  rest  and  loaded,  and  to  watch  the 
changes  which  take  place  during  secretion. 

When  the  animal  has  not  been  digesting  for  some  little  time, 
and  the  gland  is  therefore  "  loaded,"  the  outlines  of  the  individual 
cells,  as  we  have  already  said,  §  220,  are  very  indistinct,  the  lumen 
of  the  alveolus  is  invisible  or  very  inconspicuous,  and  each  cell  is 
crowded  with  small,  re&active  spherical  granules,  forming  an . 
irregular  granular  mass  which  hides  the  nucleus  and  leaves  only 
a  very  narrow  clear  outer  zone  next  to  the  basement  membrane,  or 
it  may  be  hardly  any  such  zone  at  all.     Fig.  63  A. 

The  blood-supply  moreover  is  scanty,  the  small  arteries  being 
constricted  and  the  capillaries  imperfectly  filled  with  corpusclea 

If,  however,  the  same  pancreas  be  examined  while  it  is  in  a 
state  of  activity,  either  from  the  presence  of  food  iu  the  stomach, 
or  from  the  injection  of  some  stimulating  drug,  such  as  pilocarpin, 
a  very  different  state  of  things  is  seen.  The  individual  cells 
(Fig.  63  B)   have  become   snuJler   and   much   more   distinct   in 


Fio.  68.  A  FoBTiOH  or  tbs  Pakcreu  or  ths  Ribbit.  (Eiihne  and  Sheridan  Lea.) 
A  at  rest,  B  ia  a  state  of  actitiC;. 

a  the  inner  gnnalar  Eone,  vbioh  in  A  ia  larger,  and  more  close!;  stndded  mtb 
fine  granules,  than  in  C,  in  nhich  the  granules  are  fever  and  ooaner. 

b  the  outer  tnuaspoieDt  EOiie,  email  in  A,  larger  ia  B,  and  in  the  latter  marked 
with  faint  strin. 

c  the  lumen,  vtrj  obrioai  in  B,  bat  indiatinot  in  A. 

d  an  indeDtation  at  the  junction  of  two  oella,  Been  in  B,  but  not  ooourriDg  in  A. 

outline,  and  the  contour  of  the  alveolus  which  previously  was  even 
is  now  va,vy,  the  basement  membrane  being  iudented  at  the 
junctions  of  the  cells ;  also  the  lumen  of  the  alveolus  is  now  wider 
and  more  conspicuous.  In  each  cell  the  granules  have  become 
much  fewer  in  number  and  as  it  were  have  retreated  to  the  inner 
margin,  so  that  the  inner  granular  zone  is  much  narrower  and  the 
outer  transparent  zone  much  broader  than  before ;  the  latter  too 
is  frequently  marked  at  its  inner  part  by  delicate  strite  running 
into  the  inner  zone.    At  the  same  time  the  blood  vessels  are 
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largely  dilated  and  the  stream  of  blood  through  the  capillaries  is 
fiilT  and  rapid. 

With  care  the  change  from  the  one  state  of  things  to  the  other 
may  be  watched  under  the  microscope.  The  vascular  changes  can 
of  course  be  easily  appreciated,  but  the  granules  may  also  be  seen 
to  diminish  in  number.  Those  at  the  inner  margin  seem  to  be 
discharged  into  the  lumen,  and  those  nearer  the  outer  margin 
to  travel  inwards  through  the  cell-substance  towards  the  lumen, 
the  faint  striae  spoken  of  above,  apparently  at  all  events,  being  the 
marks  of  their  paths.  Obviously  during  secretion,  the  granules 
with  which  the  cell-substance  was  *  loaded '  are  *  discharged '  from 
the  cell  into  the  lumen  of  the  alveolus.  What  changes  these 
granules  may  undergo  during  the  discharge  we  shall  consider 
presently. 

Sections  of  the  prepared  and  hardened  pancreas  of  any  animal 
tell  nearly  the  same  tale  as  that  thus  told  by  the  living  pancreas 
of  the  rabbit.  In  sections  for  instance  of  the  pancreas  of  a  dog 
which  has  not  been  fed,  and  therefore  has  not  been  digesting,  for 
some  hours  (24  or  30),  the  cells  are  seen  to  be  crowded  with 
granules  (which  however  are  usually  shrunken  and  irregular  owing 
to  the  influence  of  the  hardening  agent),  leaving  a  very  narrow 
outer  zone.  In  similar  sections  of  the  pancreas  of  a  dog  which 
has  been  recently  fed,  six  hours  before  for  example,  and  in  which 
therefore  the  gland  has  been  for  some  time  actively  secreting,  the 
granules  are  far  less  numerous,  and  the  clear  outer  zone  accordingly 
much  broader  and  more  conspicuous.  With  osmic  acid  these 
granules  stain  well,  and  are  preserved  in  their  spherical  form,  so 
that  the  cell  thus  stained  maintains  much  of  the  appearance  of  a 
living  cell.  But  with  carmine,  haematoxylin  &c.  the  granules  do 
not  stain  nearly  so  readily  as  does  the  cell-substance  of  the  cells, 
so  that  a  discharged  cell  stains  more  deeply  than  does  a  loaded  cell 
because  the  staining  of  the  *  protoplasmic  cell-substance  is  not  so 
much  obscured  by  the  unstained  granules ;  besides  which  however 
the  actual  cell-substance  stains  probably  somewhat  more  deeply 
in  the  discharged  cell.  It  may  be  added  that  in  the  discharged 
cell  the  nucleus  is  conspicuous  and  well  formed ;  in  the  loaded  cell 
it  is  generally  in  prepared  sections,  more  or  less  irregular,  possibly 
because  in  these  it  is  less  dense  and  more  watery  than  in  the  dis- 
charged cell,  and  so  shrinks  under  the  influence  of  the  reagents 
employed. 

These  several  observations  suggest  the  conclusion  that  in  a 
gland  at  rest  the  cell  is  occupied  in  forming  by  means  of  the 
metabolism  of  its  cell-substance  and  lodging  in  itself  (§  30) 
certain  granules  of  peculiar  substance  intended  to  be  a  part  and 
probably  an  important  part  of  the  secretion.  This  goes  on  until 
the  cell  is  more  or  less  completely  'loaded.'  In  such  a  cell  the 
amount  of  actual  living  cell-substance  is  relatively  small,  its  place 
is  largely  occupied  by  granules,  and  it  itself  has  been  partly 
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(xmsumed  in  forming  the  granules.  During  the  act  of  secretion 
the  granules  are  dischargea  to  form  part  of  the  secretion,  other 
matters  including  water,  as  we  shall  see,  making  up  the  whole 
secretion ;  and  the  cell  would  be  proportionately  reduced  in  size 
were  it  not  that  the  act  of  the  discharge  seems  to  stimulate  the  cell- 
substance  to  a  new  activity  of  growth,  so  that  new  cell -substance 
b  formed ;  this  however  is  in  turn  soon  in  part  consumed  in 
Older  to  form  new  granules.  And  what  is  thus  seen  with 
considerable  distinctness  and  ease  in  the  pancreas,  is  seen  with 
more  or  less  distinctness  in  other  glands. 

§  231.  When  we  study  an  albuminous  gland,  the  parotid  gland 
for  instance,  in  a  living  state,  we  find  that  the  changes  which  take 
place  during  activity  are  quite  comparable  to  those  of  the  pan- 
creas. Dunng  rest  (Fig.  64  A),  the  cells  are  large,  their  outlines 
very  indistinct,  in  fact  almost  invisible,  and  the  cell -substance 
is  studded  with  granules.  During  activity  (Fig.  64  B),  the  cells 
become  smaller,  their  outlines  more  distinct,  and  the  granules 
disappear,  especially  from  the  outer  portions  of  each  cell.  After 
tnolonged  activity,  as  in  Fig.  64  C,  the  cells  are  still  smaller  with 


FiQ   64     Chihoes 


SRCKsnoH.     (Langle;.) 


Ihe  figure,  whiah  is  somewhat  diagrammstic,  repieseDta  the  microsoopio  changes 
vfaichmaj  be  observed  in  the  living  gland,  A.  During  rest.  Theobecure  outlines 
<it  tbe  celia  are  introdocsd  to  shew  the  relative  iize  of  the  cells,  they  oould  not  be 
'^vU}'  aeen  in  the  Bpecimen  itself.  B,  After  moderate  Btinmlatian.  C.  After 
F^I«Dged  stiiiiDlation.  The  naolei  are  diagrammatic,  and  Introduced  to  shew  Uieir 
H^earuice  and  position. 

their  outlines  still  more  distinct,  and  the  granules  have  disappeared 
WMost  entirely,  a  few  only  being  left  at  the  extreme  inner  margin 
™  each  cell,  abutting  upon  the  conspicuous,  almost  gaping  lumen 
"^  the  alveolus.  And  upon  special  examination  it  is  found  that 
t^e  nuclei  are  large  and  round.  In  fact  we  might  almost  take 
tM  parotid,  as  thus  studied,  to  he  more  truly  typical  of  secretory 
cbanges  than  even  the  pancreas.  For,  the  demarcation  of  an 
ll"ier  and  outer  zone  is  not  a  necessary  feature  of  a  secreting  cell 
W  reat  What  is  essential  is  that  the  cell-substance  manufactures 
''i^rial,  which  for  a  while,  that  is  during  rest,  is  deposited  in 
wie  cell,  generally  in  the  form  of  granules  but  not  necessarily  so, 
um)  that  auriog  activity  this  material  is  used  up,  the  disappearance 
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'ji  'jx  gn&cl^s.  vben  these  are  risUe.  bt-inz  nuonllT  eaiiiest  and 
sxi*^  tr.aiied  v.  ih?  oaur  ponioDs  ■:•£  «ac&  cell,  and  progressiiiK 
:&«airi>  t>:-«ard:  tIk  lamcii,  die  whole  oeU  beoomiiig  sinaller  and 
Mb  i:  Wrn:  stiTmkeiL 

Ir  :h-^  c^IU  of  The  parond  ;dand  utd  oiher  alboinmoiu  cells  the 
;zn^'s^  s>^a  in  the  living  or  &«sh  cell  dider  from  the  granales 
9KJiT.  in  the  puKzeadc  ceiL  ii^asmach  ae  thej  are  ^asIt  dissolved  ot 
'br.kiz.  Tip  OT  ih^  acn<:4i  of  ainhoL  chronic  acid,  and  the  other 
•isial  hardeiiinj  reagenia.  and  heact  in  baioeited  specimens  have 
<niap»:Are<L  in  oi-i^e-q-jeiioe,  in  secedes  vf  hardened  and  pre- 
jjorec  a^S':uniI^^^:5  gtandf  the  diS^mtOe  benreien  resting  or  loaded 
azri  airdTe  <.t  diacEarr^  eell~  mar  appear  not  reiy  consfucuous; 
axii  itls  i=  especiallT  tke  case  in  the  paix:*dd  gland  of  the  rabbit 
vben  ire  acdTitj  haf  been  callei  in:-:>  pjiv  bj  stimulation  of  the 
a^sic^o-tempiial  nerre.  When  however,  eiiher  in  the  rabbit 
«r  tbe  c-:^.  the  oerrieal  sympathetic  i^  stimulated,  though  the 
simTiIac;*  cives  rise  in  the  rabbi;  t.>  Iii:le  secr&tioo  of  saliva, 
azii  ir  :he  Ai-s  to  nore  ai  all  a  marked  effeci  <hi  the  gland  is 
pr:<d^wi.  and  changes^,  in  the  same  direction  as  those  already 
GescTibi»L  may  be  ■>heervrti  IViiiiig  rest,  the  cei's  ^-f  the  paivtiid  as 
»tr  ir  iecti;-!is  of  the  ^land  faaiiie::eii  ir  alohol  tYig.  Ho  A)  are 
rale,  trarsparen;.  stairir^  with  di^c^ty.  and  the  nuclei  possess 
sreg'zlar  :--zt2iE.es  as  if  shrunken  by  tre  prA^ents  emptoved.  After 
5tir:"ilati-:r  o:  the  sympathenc.  the  pr;t.:plas2i  ■:•:  the  cells  becomes 
TttTT-ii  ■  Fi^.  ^  Bi.  and  stains  much  n.^e  reaiilv,  while  the  nuclei 


arc  ro  ".c<ni^'r  irrc-jT-'-ar  in  «'"tli:-.t;  but  r,^-.;aii  and  large,  with 
c.tK::c-.<is  ruolii'M.  the  wholt  ot".  a:  the  sa=je  time,  at  least 
arer  j'r.v.-rjed  sti:v.v.J»tio-j.  Kwr.::!:,:  iistirctly  siEAlIer. 

§  33S.  li:  a  tv.v„v::s  jT^'.-i  the  charits  which  take  place  are  of 
a  like  su>i,  t:.x:,:h  ai*i»rYr,t,y  !<'r.it»hit  vz:n  c. ciplicated.  owing 
rr.-baKy  to  the  |xv-'l*r  .-h*.Tfc,-:irs  c:  the  ruucic  wtich  is  so  con- 
st:.-.:, us  a  ivrstitiiiiit  I'fthv  Avt\:;o;-_ 

Ii  a  pitvv  c:'  n;*;;:;;:.  Ui«.;(\i  subiv.juL;V.ai^-  rUad  be  teased  out, 
whili-  aesh  aud  wana  fi\^i'.  the  K\iy.  ir  :;-.'rt:'.il  ialioe  solution,  the 
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cell-substance  of  the  mucous  cells  (Fig.  66  a)  is  seen  to  be  crowded 
with  nanules  or  spherules  which  may  fairly  be  compared  with  the 
granules  of  the  pancreas,  though  perhaps  less  dense  and  solid  than 
these. 

If  a  piece  of  a  gland  which  has  been  secreting  for  some  time, 
and  is  therefore  a  discharged  gland,  be  examined  m  the  same  way 
(Fig.  66  b)  the  granules  are  far  less  numerous  and  largely  confined 


Fio.  66i.    Mucous  Cells  fbom  a  fresh  Subuazillaby  Gland  op  Dog.    (Langley.) 

a  and  h  isolated  in  2  p.c.  salt  solution :  a,  from  loaded  gland,  b  from  discharged 
gliind  (the  nuclei  are  usually  more  obscured  by  granules  than  is  here  repre- 
sented). 

(On  teasing  oot  a  fragment  of  fresh  in  2  to  5  p.c.  salt  solution,  the  cells  usually 
become  broken  up  so  that  isolated  cells  are  rarely  obtained  entire;  isolated 
cells  are  common  if  the  gland  be  left  in  the  body  for  a  day  after  death.) 

a',  h\  treated  with  dilute  acid :  a'  from  loaded,  h'  from  discharged  gland. 

to  the  part  of  the  cell  nearer  the  lumen,  the  outer  part  of  the  cell 
around  the  nucleus  consisting  of  ordinary  'protoplasmic'  cell- 
substance.  The  distinction  however  between  an  inner  'granular 
zone'  next  to  the  lumen  and  an  outer  'clear  zone'  next  to  the 
basement  membrane  is  less  distinct  than  in  the  pancreas,  partly 
because  the  granules  do  not  disappear  in  so  regular  a  manner  as  in 
the  pancreas  and  partly  because  the  outer  zone  of  the  mucous  cell, 
as  it  forms,  is  less  homogeneous  than  that  of  the  pancreatic 
cell 

The  *  granules '  or  '  spherules '  of  the  mucous  cell  are  moreover 
of  a  peculiar  nature.  If  the  fresh  cell,  shewing  granules,  (either 
many  as  in  the  case  of  a  loaded  or  few  as  in  the  case  of  a  discharged 
cell)  be  irrigated  with  water  or  with  dilute  acids  or  dilute  alkalis 
the  granules  swell  up  (Fig.  66  a,  U)  into  a  transparent  mass,  giving 
the  iieactions  of  mucin,  traversed  by  a  network  of  '  protoplasmic ' 
cell'Substance.  In  this  way  is  produced  an  appearance  very  similar 
to  that  shewn  in  sections  of  mucous  glands  hardened  and  stained 
in  the  ordinary  way. 
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As  we  have  already  said  (§  216)  in  the  loaded  mucous  cell  in 
such  hardened  and  stained  preparations  (Fig.  67  a)  there  is  seen  a 


Fra.  67.    Alteou  of  Doa's  BobmuilIiABT  Gland  babdkhed  in  ilcohol  asp 
STAINED  WITH  cABuiNE.     (Langlej.)     (The  network  ia  diagramiafttic. ) 

a,  from  a  loaded  gland. 

b,  &am  a  discharged  gland ;  tbe  chorda  tjmpani  having  been  Btimnlated  at  abort 
intBryalH  during  Atb  hours. 


small  quantity  of  protoplasmic  cell-substance  gathered  round  the 
nucleus  at  the  outer  part  of  the  cell  nest  to  the  basement 
membrane ;  the  rest  of  the  celt  consists  of  a  network  of  eell- 
substanee,  the  interstices  being  filled  with  transparent  material, 
which,  unlike  the  network  itself  and  the  mass  of  cell-substance 
round  the  nucleus,  does  not  stain  with  carmine  or  with  certain 
other  dyes.  The  discharged  cell  in  similar  preparations  (Fig.  67  6) 
differs  from  the  loaded  cell  in  the  amount  of  transparent  non- 
staining  material  being  much  less  and  chiefly  confined  to  the 
inner  part  of  the  cell,  while  the  protoplasmic  cell -substance  around 
the  now  large  and  well-formed  nucleus  is  not  only,  both  relatively 
and  absolutely,  greater  in  amount,  but  stains  still  more  deeply 
than  in  the  loaded  cell. 

It  would  appear  therefore  that  in  the  mucous  cell,  as  in  the 
pancreatic  cell,  the  cell-substance  forms  and  deposits  in  itself 
certain  material  in  the  form  of  granules.  During  secretion  these 
granules  disappear  and  presumably  form  part  of  the  secretion. 
But  the  granules  of  a  mucous  cell  differ  from  those  of  the 
pancreatic  cell  in  as  much  as  they  are  apt  under  the  influence 
of  reagents  to  be  transformed,  while  still  within  the  cell,  into 
the  transparent  viscid  material  which  we  call  mucin ;  hence  the 
appearances  presented  by  sections  of  hardened  glands.  It  seenm 
natural  to  infer  that  the  granules  consist  not  of  mucin  itself 
but  of  a  forerunner  of  mucm,  of  some  substance  which  can  give 
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rise  to  mucin,  and  which  we  might  call  mucigen.  And  we  might 
further  infer  that  during  the  act  of  secretion  the  granules  of 
mucigen  are  transformed  into  masses  of  mucin  and  so  discharged 
from  the  cell  Under  this  view  the  appearances  presented  by  the 
hardened  glands,  as  distinguished  from  the  living  glands,  might  be 
interpreted  as  indicating  that  under  the  influence  of  the  reagents 
employed,  the  mucigen  of  the  loaded  cells  had  undergone  the 
transformation  into  mucin  without  being  discharged  from  the  cells. 
Up  to  the  present  however  it  has  not  been  found  possible  to  isolate 
from  the  gland  any  definite  body,  capable  of  being  converted 
into  mucin,  and  there  are  some  reasons  for  thinking  that  not 
only  the  granules  but  part  also  of  the  substance  between 
them  contributes  to  the  formation  of  mucin.  Apart  from  this 
complication,  however,  the  general  course  of  events  in  the  mucous 
cell  seems  to  be  the  same  as  in  the  pancreatic  cell ;  the  cell- 
substance  manufactures  and  loads  itself  with  a  special  product, 
(or  special  products);  during  the  act  of  secretion,  this  product, 
undergoing  at  the  time  a  certain  amount  of  change,  is  discharged 
from  the  cell  to  form  part  of  the  secretion,  and  the  cell-substance, 
stirred  up  to  increased  growth,  subsequently  manufactures  a  new 
supply  of  the  product. 

§236.  The  'central'  or  'chief  cells  of  the  gastric  glands 
also  exhibit  similar  changes.  In  such  an  animal  as  the  ne>\rt 
these  cells  may,  though  with  difficulty,  be  examined  in  the  living 
state.  They  are  then  found  to  be  studded  with  granules  when 
the  stomach  is  at  rest.  During  digestion  these  granules  become 
much  less  numerous  and  are  chiefly  gathered  near  the  lumen, 
leaving  in  each  cell  a  clear  outer  zone.  And  in  many  mammals 
the  same  abundance  of  granules  in  the  loaded  cell,  the  same 
paucity  of  granules  for  the  most  part  restricted  to  an  inner  zone 
m  the  discharged  cell,  may  be  demonstrated  by  the  use  of  osmic 
acid,  Fig.  68. 

When  the  stomach  is  hardened  by  alcohol  these  changes,  like 
the  similar  changes  in  an  albuminous  cell,  are  obscured  by  the 
shrinking  of  the  *  granules '  or  by  their  swelling  up  and  becoming 
diffused  through  the  rest  of  the  cell-substance ;  so  that  though,  in 
sections  so  prepared,  very  striking  differences  are  seen  between 
loaded  and  discharged  cells,  these  are  unlike  those  seen  in  living 
gland&  In  specimens  taken  from  an  animal  which  has  not 
been  fed  for  some  time,  the  central  cells  of  the  gastric  glands 
are  pale,  finely  granular,  and  do  not  stain  readily  with  carmine 
and  other  dyes.  During  the  early  stages  of  gastric  digestion, 
the  same  cells  are  found  somewhat  swollen,  but  turbid  and 
more  coarsely  granular;  they  stain  much  more  readily.  At 
a  later  stage  thev  become  smaller  and  shrunken,  but  are  even 
more  turbid  and  granular  than  before,  and  stain  still  more 
deeply.  This  is  true,  not  only  of  the  central  cells  in  the  cardiac 
glands,  but  also  of  the  celb  of  which  the  pyloric  glands  are  built 


412  CHANGES   IN  GASTRIC   CELI5.  [Book  II. 

up.  In  the  loaded  cell  very  little  Btaining  takes  place,  because  the 
amount  of  living  staining  cell-substance  is  small  relatively  to  the 
amount  of  material  with  which  it  is  loaded  and  which  does  not 


Fia.  68.    OiBTHic  Oi.u<i>  or  Mihiui,  (Bat)  dduho 


(LMigley.) 


c,  the  mouth  of  the  gland  with  its  cylindrical  cells. 

n,  the  neck,  eontsiniiig  cODBpiaaoDs  ovoid  cells,  iritb  their  ooarae  protopUsmie 
networlc. 

/,  the  body  ol  the  glftod.  Tlie  granolea  are  seen  in  the  central  cells  to  be  limitad 
to  the  inner  portion*  of  each  oell,  Uie  roaod  noclous  of  nbiob  U  oonapicnona. 


stain  readily.  In  the  ceil  which  after  great  activity  has  discharged 
itself,  the  cell  is  smaller,  but  what  remajos  is  largely  living  cell- 
substance,  some  of  it  new,  and  all  staiuing  readily.  It  would 
appear  also  that  during  the  activity  of  the  cell  some  subatances, 
capable  of  being  precipitated  by  alcohol,  make  their  appearance, 
and  the  presence  of  this  material  adds  to  the  turbid  and  granular 
aspect  of  the  cell ;  possibly  also  this  material  contributes  to  the 
staining.  A  similar  material  seems  to  make  its  appearance  in  the 
cells  of  albuminous  glands. 

In  the  ovoid  or  border  cells  no  very  characteristic  changes 
make  tbeir  appearance.  During  digestion  they  become  larger, 
more   swollen   as    it   were,  and   in   consequence   bulge   out   the 
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basement  membraue,  but  no  characteristic  disappearance  of  gra- 
nules can  be  observed  In  the  living  state,  the  cell-substance  of 
these  ovoid  cells  appears  finely  granular,  but  in  hardened  and 
prepared  sections  has  a  coarsely  granular,  "  reticulate  **  look  which 
IS  perhaps  less  marked  in  the  swollen  active  cells  than  in  the 
resting  cells. 

§  237.     All  these  various  secreting  cells  then,  pancreatic  cell, 
mucous  cell,  albuminous  cell,  and  central  gastric  cell,  exhibit  the 
same  series  of  events,  modified  to  a  certain  extent  in  the  several 
cases.    In  each  case  the  'protoplasmic'  cell-substance  manufactures 
and  lodges  in  itself  material  destined  to  form  part  of  the  juice 
secreted.     In  the  fresh  cell  this  material  may  generally  be  recog- 
nized under  the  microscope  by  its  optical  characters  as  granules ; 
these  however  are  apt  to  become  altered  by  reagents.    But  we  must 
^ard  ourselves  against  the  assumption  that  the  material  which  can 
thus  be  recognized  is  the  only  material  thus  stored  up ;  we  may, 
in  future,  by  chemical  or  other  means  be  able  to  differentiate  other 
parts  of  the  cell-body  as  being  also  material  similarly  stored  up. 

During  activity,  while  the  gland  is  secreting,  this  material, 
cither  unchanged  or  after  undergoing  change,  is  wholly  or  partially 
ciL<^harged  from  the  cell.  The  cell  in  consequence  of  having  thus 
got  rid  of  more  or  less  of  its  load  consists  to  a  larger  extent  of 
sxctual  living  cell-substance,  this  being  in  many  cases  increased  by 
Yapid  new  growth,  though  the  bulk  of  the  discharged  cell  may  be 
less  than  that  of  the  loaded  cell. 

This  activity  of  growth  continues  after  the  act  of  secretion,  but 
the  discharged  cell  soon  begins  again  the  task  of  loading  itself 
%vith  new  secretion  material  for  the  next  act  of  secretion. 

Thus  in  most  cases  there  is,  corresponding  to  the  intermittence 

of  secretion,  an  alternation  of  discharge  and  loading ;  but  it  must 

l>e  borne  in  mind  that  such  an  alternation  is  not  absolutely  necessary 

even  in  the  case  of  intermittent  secretion.     We  can  easily  imagine 

that  the  discharge,  say,  of  *  granules  *  during  secretion  should  stir 

up  the  cell  to  an  increased  activity  in  forming  granules,  and  that 

the  formative  activity  should  cease  when  the  secretory  activity 

ceased.     In  such  a  case  the  number  of  new  granules  formed  might 

always  be  equal  to  the  number  of  old  granules  used  up,  and  the 

active  cell  in  spite  of  its  discharge  would  possess  as  many  granules, 

that  is  to  say,  as  large  a  load,  as  the  cell  at  rest.   And  in  the  central 

^tric  cells  of  some  animals  it  would  appear  that  such  a  continued 

balancing  of  load  and  discharge  does  actually  take  place,  so  that  no 

distinction  in  granules  can  be  observed  between  resting  and  active 

cells. 

§  238.  We  spoke  just  now  of  the  material  stored  up  in  the 
cell  and  destined  to  form  part  of  the  secretion  as  undergoing  change 
before  it  was  discharged.  In  the  mucous  cell  we  have  seen  that 
the  material  deposited  in  the  living  cell  has  at  first  the  form  of 
granulea     These  granules  however  are  easily  converted  into  a 
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transparent  material  lodged  in  the  spaces  of  the  cell-substance, 
which  material  even  if  not  exactly  identical  with  at  least  closely 
resembles  the  mucin  found  in  the  secretion;  and  apparently,  in 
the  act  of  secretion  the  granules  do  undergo  some  such  change. 
In  the  case  of  some  other  glands  moreover  we  have  chemical 
as  well  as  optical  evidence  that  the  material  stored  up  in  the 
cell,  is,  in  part  at  least,  not  the  actual  substance  appearing  in  the 
secretion  but  an  antecedent  of  that  substance. 

An  important  constituent  of  pancreatic  juice  is,  as  we  shall  see 
later  on,  a  body  called  trypsin,  a  ferment  very  similar  to  pepsin, 
acting  on  proteid  bodies  and  converting  them  into  peptone  and  other 
substances.  Though  in  many  respects  alike,  pepsm  and  trypsin  are 
quite  distinct  bodies,  and  differ  markedly  m  this,  that  while  an 
acid  medium  is  necessary  for  the  action  of  pepsin,  an  alkaline 
medium  is  necessary  for  the  action  of  trypsin ;  and  accordingly  the 
pancreatic  juice  is  alkaline  in  contrast  to  the  acidity  of  gastric 
juice.  Trypsin,  can,  like  pepsin  (§  205),  be  extracted  with  gly- 
cerine from  substances  in  which  it  occurs ;  glycerine  extracts  of 
trypsin  however  need  for  the  manifestation  of  their  powers  the 
presence  of  a  weak  alkali,  such  as  a  1  p.c.  solution  of  sodium 
carbonate. 

Now  trypsin  is  present  in  abundance  in  normal  pancreatic 
juice ;  but  a  loaded  pancreas,  one  which  is  ripe  for  secretion,  and 
which  if  excited  to  secrete  would  immediately  pour  out  a  juice  rich 
in  trypsin,  contains  no  trypsin  or  a  mere  trace  of  it ;  nay  even  a 
pancreas  which  is  engaged  in  the  act  of  secreting  contains  in  its 
actual  cells  an  insignificant  quantity  only  of  trypsin,  as  is  shewn 
by  the  following  experiment. 

If  the  pancreas  of  an  animal,  even  of  one  in  full  digestion,  be 
treated,  ivhile  still  warm  from  the  body,  with  glycerine,  the 
glycerine  extract,  as  judged  of  by  its  action  on  fibrin  in  the  presence 
of  sodium  carbonate,  is  inert  or  nearly  so  as  regards  proteid  bodies. 
If,  however,  the  same  pancreas  be  kept  for  24  hours  before  being 
treated  with  glycerine,  the  glycerine  extract  readily  digests  fibrin 
and  other  proteids  in  the  presence  of  an  alkali.  If  the  pancreas, 
while  still  warm,  be  rubbed  up  in  a  mortar  for  a  few  minutes 
with  dilute  acetic  acid,  and  then  treated  with  glycerine,  the 
glycerine  extract  is  strongly  proteolytic.  If  the  glycerine  extract 
obtained  without  acid  from  the  warm  pancreas,  and  therefore  inert, 
be  diluted  largely  with  water,  and  kept  at  35®  C.  for  some  time, 
it  becomes  active.  If  treated  with  acidulated  instead  of  distilled 
water,  its  activity  is  much  sooner  developed.  If  the  inert  glyce- 
rine extract  of  warm  pancreas  be  precipitated  with  alcohol  in 
excess,  the  precipitate,  inert  as  a  proteolytic  ferment  when  fresh, 
becomes  active  when  exposed  for  some  time  in  an  aqueous  solution, 
rapidly  so  when  treated  with  acidulated  water.  These  facts  shew 
that  a  pancreas  taken  fresh  from  the  body,  even  during  full 
digestion,  contains  but  little  ready-made  ferment,  though  there  is 
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present  in  it  a  body  which,  by  some  kind  of  decomposition,  gives 
birth  to  the  ferment.  We  may  remark  incidentally  that  though  the 
presence  of  an  alkali  is  essential  to  the  proteoljrtic  action  of  the 
actual  ferment,  the  formation  of  the  ferment  out  of  its  forerunner 
is  favoured  by  the  presence  of  a  small  quantity  of  acid ;  the  acid 
must  be  used  with  care,  since  the  trypsin,  once  formed,  is  destroyed 
by  acids.  To  this  body,  this  mother  of  the  ferment,  which  has  not 
at  present  been  satisfactorily  isolated,  but  which  appears  to  be  a 
complex  body,  splitting  up  into  the  ferment,  which  as  we  have 
seen  is  at  all  events  not  certainly  a  proteid  body,  and  into  an  un- 
deniably proteid  body,  the  name  of  zymogen  has  been  applied. 
But  it  is  better  to  reserve  the  term  zymogen  as  a  generic  name 
for  all  such  bodies  as  not  being  themselves  actual  ferments,  may  by 
internal  changes  give  rise  to  ferments,  for  all  *  mothers  of  ferment  * 
in  fact;  and  to  give  to  the  particular  mother  of  the  pancreatic 
proteolytic  ferment,  the  name  trypsinogen. 

Evidence  of  a  similar  kind  shews  that  the  gastric  glands,  both 
the  cardiac  and  the  pyloric  glands,  while  they  contain  compara- 
tively little  actual  pepsin,  contain  a  considerable  quantity  of  a 
zymogen  of  pepsin,  or  pepsinogen ;  and  there  can  be  little  doubt 
but  tnat  this  pepsinogen  is  lodged  in  the  central  cells  of  the 
cardiac  glands  and  in  the  somewhat  similar  cells  which  line  the 
whole  of  the  pyloric  glands. 

It  is  further  interesting  to  observe  that,  as  a  general  nile,  the 
amount  of  trypsinogen  in  a  pancreas  at  any  given  time  rises  and 
sinks  pari  passu  witn  the  granular  inner  zone,  i.e.  with  the  amount 
of  granules  in  the  cell.  The  wider  the  inner  zone  and  the  more 
abundant  the  granules  the  larger  the  amount,  the  narrower  the 
zone  and  the  fewer  the  granules  the  smaller  the  amount,  of 
trypsinogen ;  and  in  the  cases  of  old-established  fistulae,  where  the 
secretion  is  wholly  inert  on  proteids,  the  inner  granular  zone  is 
absent  from  the  cells.  And  the  same  parallelism  has  been 
observed  between  the  abundance  of  granules  in  the  central  cells 
and  the  quantity  of  pepsinogen  present  in  the  gastric  glands. 

The  parallelism  however,  at  all  events  in  the  case  of  the 
pancreas,  appears  not  to  be  absolute,  for  it  is  stated  that  in  the 
pancreas  of  dogs  after  long  starvation  there  is  little  or  no 
trypsinogen  in  the  gland  and  yet  the  cells  exhibit  a  marked  inner 
zone  of  granules.  Moreover  we  should  not,  in  any  case,  be  justified 
in  concluding  that  the  granules  of  the  pancreatic  cell  are  wholly 
composed  of  trypsinogen ;  for,  as  we  shall  presently  see,  the  pan- 
creatic juice  contains  besides  trypsin  not  only  other  important  fer- 
ments but  also  certain  proteid  constituents;  and  the  granules, 
which  are  of  a  proteid  nature,  probably  supply  these  proteids  of 
the  juice.  Hence  the  parallelism  between  granules  and  tryi)8inogen 
is  at  best  an  incomplete  one.  But  even  such  an  incomplete  paral- 
lelism is  of  value.  The  granules  whatever  their  nature  are  pro- 
ducts of  the  metabolism  of  the  cell,  lodged  for  a  while  in  the 
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cell-substance  but  eventually  discharged ;  and  certain  of  the  con- 
stituents of  the  several  secretions,  such  as  mucin,  trypsin,  pepsin 
and  the  like  appear  to  be  in  a  similar  way  products  of  the  meta- 
bolism of  the  cell,  lodged  for  a  while  in  the  cell-substance,  not  in 
all  cases  exactly  in  the  condition  in  which  they  will  be  discharged 
fix)m  the  cell,  but  in  an  antecedent  phase  such  as  zymogen  or  the 
like,  and  in  all  cases  ultimately  ejected  from  the  cell,  to  supply 
part  and  generally  the  important  part  of  the  secretion. 

§  239.  The  act  of  secretion  itself.  The  above  discussion  pre- 
pares us  at  once  for  the  statement  that  the  old  view  of  secretion 
according  to  which  the  gland  picks  out,  separates,  secretes  (hence 
the  name  secretion)  and  so  filters  as  it  were  from  the  common 
store  of  the  blood  the  several  constituents  of  the  juice,  is  untenable. 
According  to  that  view  the  specific  activity  of  any  one  gland  was 
confined  to  the  task  of  letting  certain  constituents  of  the  blood  pass 
from  the  capillaries  surrounding  the  alveolus  through  the  cells  to 
the  channels  of  the  ducts,  while  refusing  a  passage  to  others.  We 
now  know  that  certain  important  constituents  of  each  juice,  the 
pepsin  of  gastric  juice,  the  mucin  of  saliva  and  the  like  are  formed 
m  the  cell,  and  not  obtained  ready  made  from  the  blood.  A  minute 
quantity  of  pepsin  does  exist  it  is  true  in  the  blood,  but  there  are 
reasons  for  thinking  that  this  has  made  its  way  back  into  the  blood, 
either  being  absorbed  from  the  interior  of  the  stomach  or,  as  seems 
more  probable,  picked  up  directly  from  the  gastric  glands;  and  so 
with  some  of  the  other  constituents  of  other  juicea  The  chief  or 
specific  constituents  of  each  juice  are  formed  in  the  cell  itself. 

But  the  juice  secreted  by  any  gland  consists  not  only  of  the 
specific  substances  such  as  mucin,  pepsin  or  other  ferment,  or  other 
bodies,  found  in  it  alone,  but  also  of  a  large  quantity  of  water,  and 
of  various  other  substances,  chiefly  salines,  common  to  it,  to  other 
juices  and  to  the  blood.  And  the  question  arises.  Is  the  water, 
are  the  salts  and  other  common  substances  furnished  by  the  same 
act  as  that  which  supplies  the  specific  constituents  ? 

Certain  facts  suggest  that  they  are  not.  For  instance,  as 
mentioned  some  time  ago,  in  the  submaxillary  gland  of  the  dog, 
stimulation  of  the  chorda  tympani  produces  a  copious  flow  of 
saliva,  which  is  usually  thin  and  limpid,  while  stimulation  of  the 
cervical  sympathetic  produces  a  scanty  flow  of  thick  viscid  saliva. 
That  is  to  say,  stimulation  of  the  chorda  has  a  marked  effect  in 
promoting  the  discharge  of  water,  while  stimulation  of  the  sjTn- 
pathetic  has  a  marked  effect  in  promoting  the  discharge  of  mucin. 
To  this  we  may  add  the  case  of  the  parotid  of  the  oog.  In  this 
gland  stimulation  of  a  cercbro-spinal  nerve,  the  auriculo-temporal, 
produces  a  copious  flow  of  limpid  saliva,  while  stimulation  of  the 
sympathetic  produces  itself  little  or  no  secretion  at  all ;  but  when 
the  sympathetic  and  cercbro-spinal  nerves  are  stimulated  at  the 
same  time,  the  saliva  which  flows  is  much  richer  in  solid  and 
especially  in  organic  matter  than  when  the  cerebro-spinal  nerve 
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is  stimulated  alone.  And  we  have  already  seen  that  in  this  gland 
the  microscopic  changes  following  upon  sympathetic  stimulation 
are  more  conspicuous  than  those  which  follow  upon  cerebro-spinal 
stimulation. 

These  and  other  facts  have  led  to  the  conception   that   the 
act  of  secretion  consists  of  two  parts,  which  in  one   case   may 
coincide,  in  another  may  take  place  apart  or  in  different  propor- 
tions.    On  the  one  hand,  there  is  the  discharge  of  water  carrying 
with  it  common  soluble  substances,  chiefly  salines,  derived  from 
the  blood;   on  the  other  hand,  a  metabolic  activity  of  the  cell- 
substance  gives  rise  to  the  specific  constituents  of  the  juice.     To 
put  the  matter  broadly,  the  latter  process  produces  the  specific 
constituents,  the  former  washes  these  and  other  matters  into  the 
duct.     It  has  been  further  supposed  that  two  kinds  of  nerve  fibres 
exist:  one  governing  the  former  process  and,  in  the  case  of  the 
submaxillary  gland  for  instance,  preponderating,  though   not   to 
the  total  exclusion  of  the  other  kind,  in  the  chorda  t3rmpani ;  the 
other  governing  the  latter  process   and   preponderating   in   the 
branches  of  the  cervical  sympathetic.     These  have  been   called 
respectively  *  secretory  *  and  '  trophic  *  fibres ;  but  these  terms  are 
not  desiraole.     It  may  be  here  remarked  that  even  the  former 
process  is  a  distinct  activity  of  the  gland,  and  not  a  mere  filtra- 
tion.   For,  as  we  have  seen  in  the  case  of  the  salivary  glands, 
when  atropin  is  given,  not  only  do  the  specific  constituents  cease 
to  be  ejected  as  a  consequence  of  stimulation  of  the  chorda,  but 
the  discharge  of  water,  in  spite  of  the  blood  vessels  becoming 
dilated,  is  also  arrested :  no  saliva  at  all  leaves  the  gland.     And 
what  is  true  of  the  salivary  glands  as  regards  the  dependence  of  the 
flow  of  water  on  something  else  besides  the  mere  pressure  of  the 
blood  in  the  blood  vessels,  appears  to  hold  good  with  other  glands 
^so.    Indeed  it  has  been  suggested  that  the  very  discharge  of 
water  is  due  to  an  activity  of  the  cell ;  the  hypothesis  has  been 
put  forward  that  changes  in  the  cell  give  rise  to  the  formation  in 
^he  cell  of  substances  which  absorb  water  from  the  blood  or  l)maph 
on  the  one  side  and  give  it  up  on  the  other  side  into  the  lumen  of 
the  alveolus.     Such  an  hypothesis  cannot  be  regarded  as  proved ; 
but  the  mere  putting  it  forward  raises  doubts  as  to  the  validity 
of  the  distinction  on  which  we  have  been  dwelling ;  and  other 
considerations  point  in  the  same  direction.     For  instance,  if  the 
common  soluble  salts  present  in  a  juice,  as  distinguished  from  the 
specific  constituents,  were  merely  carried  into  the  juice  by  the 
rush  so  to  speak  of  water,  we  should  expect  to  find  the  percentage 
of  these  salts  either  remaining  the  same  or  perhaps  decreasing 
when  the  juice  was  secreted  more  rapidly  and  in  fuller  volume. 
But   under  these  circumstances  the   percentage  very  frequently 
increases;  and  in  general  we  find  that  under  various  circumstances 
the  proportion  of  siilts  secreted  to  the  quantity  of  water  secreted 
may   vary  considerably.     Obviously,  while  something  determines 
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ihh  t^tlHuiiiy  '4  wsLU:r  paAfeing  into  the  alveolus,  something  else  de- 
U^nh'tn*r*i  how  much  of  c^^ujmon  .soluble  salts  that  water  ocMitains,  and 
i^till  wntitithin'^  tz\m  (h:U;Tmiues  to  what  extent  that  water  is  also 
lit^Uih  with  h\ii'j:\fif:  c>n>»tituents  and  other  organic  bodies.  The 
whol<;  iutiufu  'v^  t/x>  complicated  to  be  described  as  consisting 
ff$tirt',\y  of  th<!  two  pniceHses  mentioned  above,  but  the  time  has 
not  yai  rjfum  for  clc^r  and  definite  statements.  Everything 
how<fV<fr  tcriHn  Up  Hhcw  that  the  cell  is  the  prime  agent  in  the 
whol'f  liijMitKfHH,  though  we  cannot  at  present  define  the  nature 
of  iUt;  mtvarti]  changf^  in  the  cell,  nor  can  we  say  how  those 
rhtut^ft'H  an;  axsuiiW  related  to  each  other,  to  changes  of  the  blood- 
pr«'HHiir<;  ill  thi;  hunxl  vesHcls,  or,  we  may  add,  to  changes  taking 
plfu'i;  in  tJio  Iyrnph-H[>ace8  which  lie  between  the  blood  and  the 

Wn  iniiy  jMirhapH  mid  that,  since  in  certain  cutaneous  se- 
I't'iHin^  ^landH  tht*.  alvtjolus,  or  what  corresponds  to  the  alveolus, 
in  wrap|M*(|  roiitid  with  plain  muscular  fibres,  the  contraction  of 
which  a|MM'arH  to  forcM)  the  secretion  outwards,  the  idea  has  been 
NnuK'^Hlcfl  that  in  ^landH,  such  as  we  are  now  considering,  the  cell- 
NiinHtanrn  making  wm*  of  ''protoplasmic"  contraction  instead  of 
iM'inal  innMiMilar  rontriM^tion,  may  force  part  of  the  cell  contents 
into  I  ho  InintMi  of  i\H\  alvoohis^  Such  a  mode  of  secretion  would 
ho  roni|MirahK*  in  tho  ojoction  of  undigested  material,  or  "  excre- 
|.ii»n,"  hy  iin  iiinirha,  lint  wo  have  no  satisfactory  evidence  in 
liivnur  nf  this  viow. 

§  240.  'rhn»n^houl.  tho  above  we  have  spoken  as  if  the 
noi»nMion  won*  fiirnishod  oxolusivoly  by  the  cells  of  the  alveoli  or 
Mooiotin^  |H)rtitui  of  tho  gland,  as  if  the  epithelium  cells  lining  the 
ilutin.  wv  t»ond\iotini(  i>t>rtion  of  tho  gland,  contributed  nothing  to  the 
Hof .  I  n  ( ho  ^i\s\  rio  glantis  t  ho  slondor  cells  lining  the  mouths  of  the 
^lundn  ^\\  hioh  oornvsjHMid  to  duots)  and  covering  the  ridges  between, 
nn^  nnioo\»»  im^Uh  soon^ting  into  tho  stomach  generally  a  small,  but 
\n^do)  tibnonnal  i^mditions  a  lunr^'  amount,  of  mucus,  which  has  its 
\i!«io»«  \\\\\  is  n\^t  an  osst^ntial  jvm  of  the  gastric  juice.  In  the 
hidtvtu'x  vihuuin  wo  oan  hjinlly  supjx^eso  that  the  long  stretch  of 
\1\jM'«^otons(io  «\0)uunar  opithoHum  which  reaches  from  the  alveoli 
\\\  tho  n\onth  \^f  tho  louij  main  duct  serves  simply  to  furnish  a 
mu\^m)\  hni^vj;:  to  tho  \vnduotiuc  pai*«u^?s:  but  we  have  as  yet 
\^o  oh\»v  \^ul\\\»t\>^us  of  >\h!U  tho  funotion  of  this  epithelium  can  be. 

§  Sfil  Jvt\\n^  wo  U\i\o  tho  nuvhanisin  of  secretion  there  are 
x^u%^  »\v  n\^Ni\^  ,'^A\vvv\>v\  iwiuTs  whioh  dojj^^nv  attention. 

<u  tu\^t\u<  luM  r,o\\  %\f  tho  ci^Mrio  *:liuids  we  spoke  as  if  pepsin 
\\\^^v  <ho  ouh  nu\\>ttAUi  am^s:;:uov.:  *>t  gastric  juice,  whewas,  as  we 
Kaw  \m\^\'om;n*\  v.s'v..  ;ho  ,'^<*;%i  i:^  ^\i;:al*v  es^'^niiaL  The  formation 
ot  iho  tWs^  ,^,'*,x5  ot  ;^o  c^mHo  ;v,:vV  ::^  vtir  ohscui>?,  and  many 
\^\iiN'^^^M;x  V\;;  v,5^x^:;NtA,;o^\  xu^^-s  Kaw  l%eeii  put  (orwmrd  to 
<  \\0,.^u\  V,  h  v,vv,^x  v.,^^,;r5^'  T,^  s;:;nv>»f  th*;  it  ariae^  in  some  way 
t\\N^\\  ^^,*  Oown-ixvvs;;;,./.  ^n!  >\\iv«r,\  oV.»v«,^v  drftwn  av«ii  the  blood; 
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and  this  is  supported  by  the  &ct  that  when  the  secretion  of  gastric 

{'uice  is  actively  going  on,  the  amount  of  chlorides  leaving  the 
>lood  by  the  kidney  is  proportionately  diminished;  but  nothing 
definite  can  at  present  be  stated  as  to  the  mechanism  of  that 
decomposition.  And  even  admitting  that  the  sodium  chloride  of 
the  body  at  large  is  the  ultimate  source  of  the  chlorine  element  of 
the  acid,  it  appears  more  likely  that  that  element  should  be  set 
free  in  the  stomach  by  the  decomposition  of  some  highly  complex 
and  unstable  chlorine  compound  previously  generated,  than  that 
it  should  arise  by  the  direct  splitting-up  of  so  stable  a  body  as 
sodium  chloride  at  the  very  time  when  the  acid  is  secreted. 

In  the  frog,  while  pepsin  free  from  acid  is  secreted  by  the 

glands  in  the  lower  portion  of  the  oesophagus,  an  acid  juice  is 

afforded  by  glands  in  the  stomach  itself,  which  have  accordingly 

been  called  oxyntic  (o^vpeiv  to  sharpen,  acidulate)  glands;  but 

these    oxjmtic    glands  appear  also  to  secrete   pepsin.      In   the 

mammal  the  isolated  pylorus  secretes  an  alkaline  juice ;  in  fact, 

the  appearance  of  an  acid  juice  is  limited  to  those  portions  of  the 

stomach  in  which  the  glands  contain  both  'chief  or  'central,*  and 

'ovoid '  or  'border*  cells.     Now  from  what  has  been  previously  said 

there  can  be  no  doubt  that  the  chief  cells  do  secrete  pepsin.     On 

the  other  hand  there  is  no  evidence  whatever  of  the  formation  of 

pepsin  by  the  '  border '  or  '  ovoid  *  cells,  though  this  was  once 

supposed   to   be   the   case   and   these    cells    were    unfortunately 

formerly  called  'peptic'  cells.     Hence  it  has  been  inferred  that  the 

border  cells  secrete  acid ;  but  the  argument  is  at  present  one  of 

exclusion  only,  there  being  no  direct  proof  that  these  cells  actually 

Qianufacture  the  acid. 

The  rennin  appears  to  be  formed  by  the  same  cells  which 
oaajiufacture  the  pepsin,  that  is,  by  the  chief  cells  of  the  fundus 
generally  and  to  some  extent  by  the  cells  of  the  pyloric  glands. 
W'e  may  add  that  we  have  evidence  of  the  existence  of  a  zymogen 
^^  i^nnm  analogous  to  the  zymogen  of  pepsin  or  of  trypsin. 

The  mucus  which  is  present  as  a  thin  layer  over  the  surface 

9^  the  fasting  stomach,  and  which  especially  in  herbivorous  animals 

^    increased  during  digestion,  comes   as  we  have  said  from  the 

^Tieous  cells  which  line  the  mouths  of  the  several  glands  and 

<^ver  the  intervening  surfaces. 

§  242.     We  previously  called  attention  to  the  fact  that  in  the 
case  of  the  stomach  the  absorption  of  the  products  of  digestion 
largely  increased  the  activity  of  the  secreting  cells.     This  has  led 
to  the  idea  that  one  effect  of  food  is  to  'charge  the  gastric  cells  with 
pepsinogen,  and  that  certain  articles  of  food  might  be  considered 
as  especially  peptogenous,  i.e,  conducive  to  the  formation  of  pepsin. 
Such  a  view  is  tempting,  but  needs  as  yet  to  be  more  fully  sup- 
ported by  facts. 

§  243.     Seeing  the  great  solvent  power  of  both  gastric  and 
pancreatic  juice,  the  question  is  naturally  suggested,  Why  does 

27—2 
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not  the  stomach  digest  itself?  After  death,  the  stomach  is 
frequently  found  partially  digested,  viz.  in  cases  when  death  has 
taken  place  suddenly  on  a  full  stomach.  In  an  ordinary  death, 
the  membrane  ceases  to  secrete  before  the  circulation  is  at  an  end 
That  there  is  no  special  virtue  in  living  things  which  prevents 
their  being  digested  is  shewn  by  the  fact,  that  the  leg  of  a  living 
frog  or  the  ear  of  a  living  rabbit  introduced  into  the  stomach  of  a 
dog  through  a  gastric  iistula  is  readily  digested.  It  has  been 
suggested  that  the  blood-current  keeps  up  an  alkalinity  sufficient 
to  neutralize  the  acidity  of  the  juice  in  the  region  of  the  glands 
themselves ;  but  this  will  not  explain  why  the  pancreatic  juice, 
which  is  active  in  an  alkaline  medium,  does  not  digest  the 
proteids  of  the  pancreas  itself,  or  why  the  digestive  cells  of  the 
bloodless  actinozoon  or  hydrozoon  do  not  digest  themselves.  We 
might  add,  it  does  not  explain  why  the  amoeba,  while  dissolving 
the  protoplasm  of  the  swallowed  diatom,  does  not  dissolve  its 
own  protoplasm.  We  cannot  answer  this  question  at  all  at 
present,  any  more  than  the  similar  one,  why  the  delicate  proto- 
plasm of  the  amoeba  resists  during  life  the  entrance  into  itself 
by  osmosis  of  more  water  than  it  requires  to  carry  on  its  work, 
while  a  few  moments  after  it  is  dead  water  enters  freely  by 
osmosis,  and  the  efiFects  of  that  entrance  become  abundantly 
evident  by  the  formation  of  bullae  and  the  breaking  up  of  the 
protoplasm. 


SEC.  4.     THE  PROPERTIES  AND  CHARACTERS  OF  BILE, 
PANCREATIC  JUICE  AND  SUCCUS  ENTERICUS. 


§  244.  In  the  living  body  the  food,  subjected  to  the  action 
first  of  the  saliva  and  then  of  the  gastric  juice,  undergoes  in  the 
stomach  changes  which  we  shall  presently  consider  in  detail,  and 
the  food  so  changed  is  passed  on  into  the  small  intestine,  where  it 
IS  further  subjected  to  the  action  of  the  bile  secreted  by  the  liver, 
of  pancreatic  juice  secreted  by  the  pancreas,  and  possibly  to  some 
extent,  though  this  is  by  no  means  certain,  of  a  juice  secreted  by  the 
intestine  itself,  and  called  sucais  entericus.  It  will  be  convenient 
to  study  the  minute  structure  of  the  liver  in  connection  with  other 
functions  of  the  liver  more  important  perhaps  than  that  of  the 
s^^cretion  of  bile,  namely  the  formation  of  glycogen,  and  other 
n^etabolic  events  occurring  in  the  hepatic  cells  ;  we  have  already 
^^died  the  structure  of  the  pancreas ;  and  the  structure  of  the 
Intestine  will  best  be  considered  by  itself  We  therefore  turn  at 
^^ce  to  the  properties  and  characters  of  the  above-named  juices. 

Bile, 

Though  bile,  after  secretion  in  the  lobules  of  the  liver,  is  passed 
^^  along  the  hepatic  duct,  it  is  in  the  case  of  most  animals  not 
Inured  at  once  into  the  duodenum  but  taken  by  the  cystic  duct  to 
^he  reservoir  of  the  gall-bladder.  Here  it  remains,  until  such  time 
^  it  is  needed,  when  a  quantity  is  poured  along  the  common  bile 
^^ct  into  the  intestine. 

,       The  quality  of  bile  varies  much,  not  only  in  different  animals, 

,  ^t  in  the  same  animal  at  different  times.     It  is  moreover  affected 

^  the  length  of  the  sojourn  in  the  gall-bladder ;  bile  taken  direct 

fr^tn  the  hepatic  duct,  especially  when  secreted  rapidly,  contains 

j^tle  or  no  mucus;    that  taken    from    the    gall-bladder,   as   of 

Slaughtered  oxen  or  sheep,  is  loaded  with  mucus.     The  colour  of 

J~^^  bile  of  carnivorous  and  omnivorous  animals,  and  of  man,  is 

^^^erally  a  bright  golden  red :  of  herbivorous  animals,  a  yellowish 


422  BILE.  [Book  ii. 

green,  or  a  bright  green,  or  a  dirty  green,  according  to  circum- 
stances, being  much  modified  by  retention  in  the  gall-bladder. 
The  reaction  is  neutral  or  alkaline.  The  following  may  be  taken  as 
the  average  composition  of  human  bile  taken  fix)m  the  gall-bladder, 
and  therefore  containing  much  more  mucus  as  well  as,  relatively 
to  the  solids,  more  water  than  bile  from  the  hepatic  duct. 

In  1000  parts. 

Yv arer     ...         ...         ...         ...         •••  .»•     oo«f  z 

Solids : — 

Bile  Salts  ...         ...  91*4 

Fats,  &c.  ...         ...  9*2 

Oholesterin         ...         ...         ...         ...  2'6 

Mucus  and  Pigment      29*8 

Inorganic  Salts  ...         ...         ...         ...  7*8 

140-8 

The  entire  absence  of  proteids  is  a  marked  feature  of  bile; 
pancreatic  juice,  as  we  shall  see,  contains  a  considerable  quantity, 
saliva,  as  we  have  seen,  a  small  quantity,  normal  gastric  juice 
probably  still  less  and  bile  none  at  all.  Even  the  bile  which  has 
been  retained  some  time  in  the  gall-bladder,  though  rich  in  mucus, 
contains  no  proteids. 

The  constituents  which  form,  apart  from  the  mucus,  the  great 
bulk  of  the  solids  of  bile  and  which  deserve  chief  attention,  are  the 
pigments  and  the  bile-salts ;  of  these  we  shall  speak  immediately. 

With  regard  to  the  inorganic  salts  actually  present  as  such  sodium 
salts  are  conspicuous,  sodium  chloride  amounting  to  *2  or  more  per 
cent.,  sodium  phosphate  to  nearly  as  much,  the  rest  being  earthy 
phosphates  and  other  matters  in  small  quantity.  The  presence  of 
iron,  to  the  extent  of  about  006  p.  c.,  is  interesting,  since,  as  we 
shall  see,  there  are  reasons  for  thinking  that  the  pigment  of  bile, 
itself  free  from  iron,  is  derived  from  iron-holding  haemoglobin; 
some,  at  least,  of  the  iron  set  free  during  the  conversion  of  haemo- 
globin into  bile  pigment,  which  probably  takes  place  in  the  liver, 
finds  its  way  into  the  bile.  Bile  also  appears  to  contain  a  small 
quantity,  at  all  events  occasionally,  of  other  metals,  such  as  man- 
ganese and  copper;  metals  introduced  into  the  body  are  apt  to 
be  retained  in  the  liver  and  eventually  leave  it  by  the  bile. 

The  small  quantity  of  fat  present  consists  in  part  of  the  complex 
body  lecithin. 

The  peculiar  body  cholesterin,  which  though  fatty  looking  (hence 
the  name  *bile  fat*)  is  really  an  alcohol  with  the  composition  C^H^O, 
is  conspicuous  by  its  quantity  and  constancy.  It  forms  the  greater 
part  of  most  gall-stones,  though  some  are  composed  chiefly  of 
pigment.  Insoluble  in  water  and  cold  alcohol,  though  soluble 
in  hot  alcohol  and  readily  soluble  in  ether,  chloroform  &c.,  it  is 
dissolved  by  the  bile-salts  in  aqueous  solution  and  hence  is  present 
in  solution  in  bile.     Its  physiological  functions  are  obscure. 
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The  ash  of  bile  consists  largely  of  soda,  derived  partly  from  the 
sodium  chloride  and  partly  from  the  bile-salts,  of  sulphates  derived 
chiefly  if  not  wholly  from  the  latter,  and  of  phosphates  partly  ready 
formed,  and  in  part  derived  from  the  lecithin. 

§  246.     Pigments  of  Bile.     The  natural  golden  red  colour  of 
normal  human  or  carnivorous  bile,  is  due  to  the  presence  of  Bili- 
rubin,   This,  which  is  also  the  chief  pigmentary  constituent  of  gall- 
stones, and  occurs  largely  in  the  urine  of  jaunmce,  maybe  obtamed 
in  the  form  either  of  an  orange-coloured  amorphous  powder,  or  of 
'W^ell-formed  rhombic  tablets  and  prisma     Insoluble  m  water,  and 
l>ut  little  soluble  in  ether  and  alcohol,  it  is  readily  soluble  in  chloro- 
form,  and   in  alkaline   fluids.      Its  composition    is    C-^H,gN,Og. 
Treated  with   oxidizing  agents,  such  as  nitric  acid  yellow  with 
riitrous  acid,  it  displays  a  succession  of  colours  in  the  order  of  the 
spectrum.      The    yellowish  golden   red   becomes    green,   this  a 
greenish  blue,  then  blue,  next  violet,  afterwards  a  dirty  red,  and 
iinally  a  pale  yellow.  This  characteristic  reaction  of  bilirubin  is  the 
l>asis  of  the  so-called  Gmelin's  test  for  bile-pigments.  Each  of  these 
stages  represents  a  distinct  pigmentary  substance.     An  alkaline 
solution  of  bilirubin,  exposed  in  a  shallow  vessel  to  the  action  of  the 
air,  turns  green,  becoming  converted  into  BUiverdin  (Cj^H^N^O^ 
or   C,^H,gN,0;   Maly),   the   green   pigment   of   herbivorous  bile. 
Siliverdin  is  also  found  at  times  in  the  urine  of  jaundice,  and  is 
probably  the  body  which  gives  to  bile  which  has  been  exposed  to 
the  action  of  gastric  juice,  as  in  biliary  vomits,  its  characteristic 
green  hue.     It  is  the  first  stage  of  the  oxidation  of  bilirubin  in 
Gmelins   test.      Treated   with   oxidizing  agents  biliverdin   runs 
through  the  same  series  of  colours  as  bilirubm,  with  the  exception 
^fthe  initial  golden  red. 

§  246.  The  Bile-scLlts,  These  consist,  in  man  and  many  animals, 
^'  sodium  glycocholate  and  taurocholate,  the  proportion  of  the  two 
^^rying  in  different  animals.  In  man  both  the  total  quantity  of 
bile-salts  and  the  proportion  of  the  one  bile-salt  to  the  other  seem 
to  Vary  a  good  deal,  but  the  glycocholate  is  said  to  be  always  the 
niore  abundant.  In  ox-gall,  sodium  glycocholate  is  abundant,  and 
taurocholate  scanty.  The  bile-salts  of  the  dog,  cat,  bear,  and  other 
carnivora,  consist  exclusively  of  the  latter. 

Insoluble  in  ether  but  Soluble  in  alcohol  and  in  water,  the 
aqueous  solutions  having  a  decided  alkaline  reaction,  both  salts 
may  be  obtained  by  crystallisation  in  fine  acicular  needles.  They 
are  exceedingly  deliquescent.  The  solutions  of  both  acids  have 
a  dextro-rotatory  action  on  polarized  light. 

Preparatum.  Bile,  mixed  with  animal  charcoal,  is  evaporated  to 
dryness  and  extracted  with  alcohol  If  not  colourless,  the  alcoholic 
filtrate  must  be  further  decolorized  with  animal  charcoal,  and  the 
alcohol  distilled  off.  The  dry  residue  is  treated  with  absolute  alcohol, 
and  to  the  alcoholic  filtrate  anhydrous  ether  is  added  as  long  as  any 
precipitate  is  formed.     On  standing  the  cloudy  precipitate  becomes 
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transformed  into  a  crystalline  mass  at  the  bottom  of  the  vessel.  If  the 
alcohol  be  not  absolute,  the  crystals  are  very  apt  to  be  changed  into  a 
thick  syrupy  fluid.  This  mass  of  crystals  has  been  often  spoken  of  as 
bilin.  Both  salts  are  thus  precipitated,  so  that  in  such  a  bile  as  that  of 
the  ox  or  man  bilin  consists  both  of  sodium  glycocholate  and  sodium 
taurocholate.  The  two  may  be  separated  by  precipitation  from  their 
aqueous  solutions  with  sugar  of  lead,  which  throws  down  the  former 
much  more  readily  than  the  latter.  The  acids  may  be  separated  from 
their  respective  salts  by  dilute  sulphuric  acid,  or  by  the  action  of  lead- 
acetate  and  sulphydric  acid. 

On  boiling  with  dilute  acids  (sulphuric,  hydrochloric),  or  caustic 
potash,  or  baryta  water,  glycocholic  acid  is  split  up  into  cholalic 
(cholic)  acid  and  glycin.  Taurocholic  acid  may  similarly  be  split- 
up  into  cholalic  acia  and  taurin.     Thus 

glycocholic  acid  cholalic  acid  glycin 

C„H„NO,  +  H,0  =  C,.H^O,  +  CH, .  NH,  (CO .  OH) 

taarocholic  acid  cholalic  acid  taurin 

C,,H^NSO,  +  H,0  =  C,,H^O,  +  C,H, .  NH, .  SO,H. 

Both  acids  contain  the  same  non-nitrogenous  acid,  cholalic  acid; 
but  this  acid  is  in  the  first  case  associated  or  conjugated  with  the 
important  nitrogenous  body  glycin,  or  amido-acetic  acid,  which  is  a 
compound  formed  from  ammonia  and  one  of  the  "fatty  acid"  series, 
viz.  acetic ;  and  in  the  second  case  with  taurin,  or  amido-isethionic 
acid,  that  is  a  compound  into  which  representatives  of  ammonia, 
of  the  ethyl  group,  and  of  sulphuric  acid  enter.  The  decom- 
position of  the  bile  acids  into  cholalic  acid  and  taurin  or  glycin 
respectively  takes  place  naturally  in  the  intestine,  the  glycin  and 
taurin  being  probably  absorbed,  so  that  from  the  two  acids,  after 
they  have  served  their  purpose  in  digestion,  the  two  ammonia  com- 
pounds are  returned  into  the  blood.  Each  of  the  two  acids,  or 
cholalic  acid  alone,  when  treated  with  sulphuric  acid  and  cane-sugar, 
gives  a  magnificent  purple  colour  (Pettenkofer's  test)  with  a  char- 
acteristic spectrum.  A  similar  colour  may  however  often  be  pro- 
duced by  the  action  of  the  same  bodies  on  albumin,  amyl  alcohol, 
and  some  other  organic  bodies. 

§  247.  Action  of  Bile  on  Food,  In  some  animals  at  least  bile 
contains  a  ferment  capable  of  converting  starch  into  sugar ;  but  its 
action  in  this  respect  is  wholly  subordinate. 

On  proteids  bile  has  no  direct  digestive  action  whatever,  but 
being,  generally  at  least,  alkaline,  and  often  strongly  so,  tends  to 
neutralise  the  acid  contents  of  the  stomach  as  they  pass  into  the 
duodenum  and  as  we  shall  see  so  prepares  the  way  for  the  action  of 
the  pancreatic  juice.  To  peptic  action  it  is  distinctly  antagonistic; 
the  presence  of  a  sufficient  quantity  of  bile  renders  gastric  juice 
inert  towards  proteids.  Moreover  when  bile,  or  a  solution  of  bile- 
salts,  is  added  to  a  fluid  containing  the  products  of  gastric  diges- 
tion, a  precipitate  takes  place,  consisting  of  parapeptone  (when 
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present),  peptone,  pepsin  and  bile  salts.     The  precipitate  is  redis- 
solved  in  an  excess  of  bile  or  solution  of  bile-salts ;  but  the  pepsin 
though  redissolved  remains  inert  towards  proteids.     This  precipi- 
tation actually  does  take  place  in  the  duodenum,  and  we  shall 
speak  of  it  again  later  on. 

With  regard  to  the  action  of  bile  on  fats,  the  following  state- 
ments may  be  made : 

Bile  has  a  slight  solvent  action  on  fats,  as  seen  in  its  use  by 
painters.      It  has  by  itself  a  slight  but  only  slight   emulsifying 
power :   a  mixture  of  oil  and  bile  separate  after  shaking  rather 
less  rapidly  than  a  mixture  of  oil  and  water.      With  fatty  acids 
bile  forms  soapa     It  is  moreover  a  solvent  of  solid  soaps,  and  it 
would  appear  that  the  emulsion  of  fats  is  under  certain  circum- 
stances at  all  events  facilitated  by  the  presence  of  soaps  in  solution. 
Hence  bile  is  probably  of  much  greater  use  as  an  emulsion  agent 
when  mixed  with  pancreatic  juice  than  when  acting  by  itself  alone. 
To  this  point  we  shall  return.     Lastly,  the  passage  of  fats  through 
xaembranes  is  assisted  by  wetting  the  membranes  with   bile,  or 
^th  a  solution  of  bile-salts.     Oil  will  pass  to  a  certain  extent 
tbrough  a  filter-paper  kept  wet  with  a  solution  of  bile-salts,  where- 
w  it  will  not  pass  or  passes  with  extreme  difficulty  through  one 
l^ept  constantly  wet  with  distilled  water. 

Bile  possesses  some  antiseptic  qualities.  Out  of  the  body  its 
P'esence  hinders  various  putrefactive  processes ;  and  when  it  is 
P^vented  from  flowing  into  the  alimentary  canal,  the  contents 
of  the  intestine  undergo  changes  different  from  those  which  take 
place  under  normal  conditions,  and  leading  to  the  appearance  of 
various  products,  especially  of  ill-smelling  gases. 

These  various  actions  of  bile  seem  to  be  dependent  on  the  bile 
^Its  and  not  on  the  pigmentary  or  other  constituents. 

Pancreatic  Juice. 

§  248.  Natural  healthy  pancreatic  juice  obtained  by  means  of  a 
^^porary  pancreatic  fistula  differs  from  the  digestive  juices  of 
^hich  we  have  already  spoken,  in  the  comparatively  large  quantity 
01  proteids  which  it  contains.  Its  composition  varies  according  to 
the  rate  of  secretion,  for,  with  the  more  rapid  flow,  the  increase  of 
total  solids  does  not  keep  pace  with  that  of  the  water,  though  the 
ash  remains  remarkably  constant. 

By  an  incision  through  the  linea  alba  the  pancreatic  duct  (or  ducts) 

can  easily  be  found  either  in  the  rabbit  or  in  the  dog,  and  a  cannula 

secured  in  it.     There  is  no  difficulty  about  a  temporary  fistula;  but 

with  permanent  fistulae  the  secretion  is  apt  to  become  altered  in  nature, 

and  to  lose  many  of  its  characteristic  properties.     Some,  however,  have 

succeeded  in  obtaining  permanent  fistulse  without  any  impairment  of 

the  secretion. 


426  PANCREATIC  JUICK  [Book  ii. 

Healthy  pancreatic  juice  is  a  clear,  somewhat  viscid  fluid, 
frothing  when  shaken.  It  has  a  very  decided  alkaline  reaction, 
and  contains  few  or  no  structural  constituents. 

The  average  amount  of  solids  in  the  pancreatic  juice  (of  the 
dog)  obtained  from  a  temporary  fistula  is  about  8  to  10  p.  c. ;  but 
in  even  thoroughly  active  juice  obtained  from  a  permanent  fistula, 
is  not  more  than  about  2  to  5  p.c,  '8  being  morganic  matter; 
and  this  is  probably  the  normal  amount.  The  important  con- 
stituents of  quite  fresh  juice  are  albumin,  a  peculiar  form  of 
proteid  allied  to  myosin,  giving  rise  to  a  sort  of  clotting,  a  small 
amount  of  fats  and  soaps,  and  a  comparatively  large  quantity 
of  sodium  carbonate,  to  which  the  alkaline  reaction  of  the  juice 
is  due,  and  which  seems  to  be  peculiarly  associated  with  the 
proteids. 

Since,  as  we  shall  presently  see,  pancreatic  juice  contains  a 
ferment  acting  energetically  on  proteid  matters  in  an  alkaline 
medium,  it  rapidly  digests  its  own  proteid  constituents,  and,  when 
kept,  speedily  changes  in  character.  The  myosin-like  clot  is 
dissolved,  and  the  juice  soon  contains  a  peculiar  form  of  alkali- 
albumin  (precipitable  by  saturation  with  magnesium  sulphate)  as 
well  as  small  quantities  of  leucin,  tyrosin  and  peptone,  which  seem 
to  be  the  products  of  self-digestion  and  are  entirely  absent  from 
the  perfectly  fresh  juice. 

§  249.  Action  on  Food-stuffs,  On  starch,  pancreatic  juice 
acts  with  great  energy,  rapidly  converting  it  into  sugar  (chiefly 
maltose).  All  that  has  been  said  in  tnis  respect  concerning 
saliva  might  be  repeated  in  the  case  of  pancreatic  juice,  except 
that  the  activity  of  the  latter  is  far  greater  than  that  of  the 
former.  Pancreatic  juice  and  the  aqueous  infusion  of  the  gland 
are  always  capable  of  converting  starch  into  sugar,  whether  the 
animal  from  which  they  were  taken  be  starving  or  well  fed.  From 
the  juice,  or,  by  the  glycerine  method,  from  the  gland  itself,  an 
amylolytic  ferment  may  be  approximately  isolated. 

On  proteids  pancreatic  juice  also  exercises  a  solvent  action,  so 
far  similar  to  that  of  gastric  juice  that  by  it  proteids  are  converted 
into  peptone.  If  a  few  shreds  of  fibrin  are  thrown  into  a  small 
quantity  of  pancreatic  juice,  they  speedily  disappear,  especially  at 
a  temperature  of  35°  C,  and  the  mixture  is  found  to  contain 
peptone.  The  activity  of  the  juice  in  thus  converting  proteids 
mto  peptone  is  favoured  by  increase  of  temperature  up  to  40®  or 
thereabouts,  and  hindered  by  low  temperatures  ;  it  is  permanently 
destroyed  by  boiling.  The  digestive  powers  of  the  juice  in  fact 
depend,  like  those  of  gastric  juice,  on  the  presence  of  a  ferment 
which,  as  we  have  already  said,  may  be  isolated  much  in  the 
same  way  as  pepsin  is  isolated,  and  to  which  the  name  trypsin  has 
been  given. 

The  appearance  of  fibrin  undergoing  pancreatic  digestion  is 
however  different  from  that  undergoing  peptic  digestion.     In  the 
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former  case  the  fibrin  does  not  swell  up,  but  remains  as  opaque  as 
before,  and  appears  to  suflFer  corrosion  rather  than  solution.     But 
there  is  a  still  more  important  distinction  between  pancreatic  and 
peptic  digestion  of  proteids.      Peptic  digestion  is  essentially  an 
acid  digestion ;  we  have  seen  that  the  action  only  takes  place  in 
the  presence  of  an  acid,  and  is  arrested  by  neutralisation.     Pan- 
creatic digestion,  on  the  other  hand,  may  be  regarded  as  an  alkaline 
digestion ;  the  action  is  most  energetic  when  some  alkali  is  present ; 
and  the  activity  of  an  alkaline  mice  is  hindered  or  delayed  by 
neutralisation  and  arrested  by  acidification  at  least  with  mineral 
Acids.    The  glycerine  extract  of  pancreas  is  under  all  circumstances 
as  inert  in  the  presence  of  free  mineral  acid  as  that  of  the  stomach 
in  the  presence  of  alkalia      If  the  digestive  mixture  be  supplied 
^with  sodium  carbonate  to  the  extent  of  1  p.c.,  digestion  proceeds 
irapidly,  just  as  does  a  peptic  mixture  when  acidulated  with  hydro- 
chloric acid  to  the  extent  of  '2  p.c.     Sodium  carbonate  of  1  p.c. 
seems   in   fact   to   play   in   tryptic    digestion   a  part   altogether 
oomparable  to   that  of  hydrochloric  acid  of  2  p.c.  in  gastric  di- 
gestion.    And  just  as  pepsin  is  rapidly  destroyed  by  being  heated 
tx)  about  40°  with  a  1  p.c.  solution  of  sodium  carbonate,  so  trypsin 
is  rapidly  destroyed  by  being  similarly  heated  with  dilute  hydro- 
chloric acid  of  "2  p.c.    Alkaline  bile,  which  arrests  peptic  digestion, 
seems,  if  anything,  favourable  to  tryptic  digestion. 

Corresponding  to  this  difference  m  the  helpmate  of  the  ferment, 
there  is  in  the  two  cases  a  diflFerence  in  the  nature  of  the  products. 
In  both  cases  peptone  is  produced,  and  such  differences  as  can  be 
detected  between  pancreatic  and  gastric  peptones  are  relatively 
small ;  but  in  pancreatic  digestion  the  bye-product  is  not,  as  in 
gastric  digestion,  a  kind  of  acid-albumin,  but,  as  might  be  ex- 
pected, a  body  having  more  analogy  with  alkali-albumin.     More- 
over,   before   the   alkali-albumin    is   actually   formed,   the   fibrin 
becomes  altered   and  takes  on  characters  intermediate  between 
those  of  alkali-albumin  and  of  ordinary  albumin ;  and  when  fresh 
raw,  i.e,  unboiled,  fibrin  is  acted  upon  by  pancreatic  juice,  one  or 
more  globulins  appear  as  initial  products. 

Further,  there  are  evidences  that  differences,  of  even  a  more 
profound  nature  than  the  above,  exist  between  pancreatic  and 
gastric  digestion.  One  of  these  is  the  appearance,  in  the  pan- 
creatic digestion  of  proteids,  of  two  remarkable  nitrogenous  crys- 
talline bodies,  leucin  and  tyrosin.  When  fibrin  (or  other  proteid) 
is  submitted  to  the  action  of  pancreatic  juice,  the  amount  of 
peptone  which  can  be  recovered  from  the  mixture  falls  far  short 
of  the  oririnal  amount  of  proteids,  much  more  so  than  in  the  case 
of  gastric  juice ;  and  the  longer  the  digestive  action,  the  greater  is 
this  apparent  loss.  If  a  pancreatic  digestion  mixture  be  freed  from 
the  alkali-albumin  by  neutralisation  and  filtration,  the  filtrate 
yields,  when  concentrated  by  evaporation,  a  crop  of  crystals  of 
tjrrosin.     If  these  be  removed  the  peptone  may  be  precipitated 
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from  the  concentrated  filtrate  by  the  addition  of  a  large  excess 
of  alcohol  and  separated  by  filtration.  The  second  filtrate  upon 
being  concentrated  by  evaporation  yields  abundant  crystals  of 
leucin  and  traces  of  tyrosin.  Thus  by  the  action  of  the  pancreatic 
juice  a  considerable  amount  of  the  proteid,  which  is  being  di- 
gested, is  so  broken  up  as  to  give  rise  to  products  which  are  no 
longer  proteid  in  nature.  From  this  breaking  up  of  the  proteid 
there  arise  leucin,  tyrosin.  and  probably  several  other  bodies,  such 
as  fatty  acids  and  volatile  substances. 

As  is  well  known,  leucin  and  tyrosin  are  the  bodies  which 
make  their  appearance  when  proteids  or  gelatin  are  acted  on  by 
dilute  acids,  alkalis,  or  various  oxidising  agents.  Leucin  is  a  body, 
which  in  an  impure  state  crystallizes  in  minute  round  lumps  with 
an  obscure  radiate  striation,  but  when  pure,  forms  thin  glittering 
flat  crystals.  It  has  the  formula  C.H^jNO,  or  C,H,,.NH,  (CO. OH) 
and  is  amido-caproic  acid.  Now  caproic  acid  is  one  of  the  "  fatty 
acid"  sorios.  so  that  leucin  may  be  regarded  as  a  compound  of 
ammonia  with  a  fatty  acid.  Tyrosin,  C^HjjNOj,  on  the  other 
hand,  belongs  to  the  "aromatic"  series;  it  is  a  phenyl  compound, 
and  hence  allied  to  benzoic  acid  and  hippuric  acid.  So  that  in 
jvancreatic  digestion  the  large  complex  proteid  molecule  is  split 
up  into  fatty  acid  and  aromatic  molecules,  some  other  bodies 
of  loss  importance  making  their  appearance  at  the  same  time. 
We  infer  that  the  proteid  molecules  are  in  some  way  built  up 
out  of  "fatty  acid"  and  "aromatic"  molecules,  together  with 
other  ct>mponents,  and  we  shall  later  on  see  additional  reasons  for 
this  view. 

Among  the  supplementary  products  of  pancreatic  digestion 
may  bo  mentioned  the  body  indol  (CgH^N),  to  which  apparently 
the  stn.»ng  and  peculiarly  fiecal  odour  which  sometimes  makes  ite 
appi^aranee  during  j>ancreatic  digestion  is  due.  Indol,  however, 
unlike  the  leucin  and  tyrosin,  is  not  a  product  of  pure  pancreatic 
digt^stion.  but  of  an  aocompanying  decomposition  due  to  the  action 
of  orgiuiuk^l  ferments.  A  pancreatic  digestive  mixture  soon  be- 
iHunes  swarming  with  bacteria,  in  spite  of  ordinary  precautions, 
when  natural  juice  or  an  infusion  of  the  gland  is  \ised.  When 
isi>latiHl  ferment  is  us<Hi»  and  atnu>spheric  germs  are  excluded,  or 
when  j^iinereatic  digestion  is  carrieil  on  in  ttie  presence  of  salicylic 
acid,  or  thymol,  which  prevent  the  development  of  bacteria  and 
like  i^rganisms  but  ptTinit  the  action  of  the  trypsin,  no  odour  is 
penvivoii.  and  no  indol  is  produced. 

After  long-continued  digestion,  especially  when  accompanied  by 
putrt»factive  dtH.\>mp<.v>ition.  the  amount  of  proteids  which  are  carried 
K\vond  the  jK'ptono  stage  and  bn>ken  up,  may  bo  very  great. 

In  g;\strio  digestion  such  a  pn^found  destruction  of  proteid 
material  t.»cours  to  a  much  loss  extent  or  not  at  all :  neither  leucin 
nor  tyn^iiQ  oiin  at  prt»sont  be  ctmsidored  as  natural  products  of  the 
action  ot*  |>oj^iiL 
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On  the  gelatiniferous  elements  of  the  tissues  as  they  actually 

exist  in  the  tissue  previous  to  any  treatment   pancreatic  juice 

appears  to  have  no  solvent  action.     The  fibrillae  and  bundles  of 

fibrillse  of  ordinary  untouched  connective- tissue  are  not  digested 

V  pancreatic   juice,   which   in   this  respect    affords  a  striking 

contrast  to  gastric  juice.     But  when  they  have  been  previously 

treated  with  acid  or  boiled  so  as  to  become  converted  into  actual 

gelatine,  trypsin  is  able  to  dissolve  them,  apparently  changing 

them  much  in  the   same  way  as  does  pepsin.     Trypsin  unlike 

pepsin,   will   dissolve   mucin.     Like   pepsin,   it   is   inert   towards 

^uclein,  homy  tissues,  and  the  so-called  amyloid  matter. 

On  fats  pancreatic  juice  has  a  twofold  action.     In  the  first 

place  it  emulsifies  fats.     If  hog's  lard  be  gently  heated  until  it 

^elts  and  be  then  mixed  with  pancreatic  juice  before  it  solidifies 

5>D  cooling,  a  creamy  emulsion,  lasting  for  almost  an  indefinite  time, 

fs  formed.     So  also  when  olive  oil  is  shaken  up  with  pancreatic 

jmce,  the  separation  of  the  two  fluids  takes  place  very  slowly, 

^pd  a  drop  of  the  mixture  imder  the  microscope  shews  that  the 

division  of  the  fat  is  very  minute.    An  alkaline  aqueous  infusion  of 

^^  gland  has  similar  emulsifying  powers.    In  the  second  place  pan- 

^^^^tic  juice  splits  up  neutral  fats  into  their  respective  acids  and 

glycerine.      Thus  pabnitin  (or  tripalmitin)  (Cj^Hg, .  CO .  0)3 .  C3H 

^  >vith  the  assumption  of  3H,0  split  up  into  three  molecules  of 

Palmitic  acid  3(C^H„.C0.0H)  and  one  of  glycerine  (CjH^XOH),; 

^^d   so  with  the  other  neutral  fats.     If  perfectly  neutral  fat  be 

^J^^ated  with  pancreatic  juice,  especially  at  the  body- temperature, 

^^^    emulsion  which  is  formed  speedily  takes  on  an  acid  reaction, 

?J^d  by  appropriate  means  not  only  the  corresponding"  fatty  acids 

?^^t  glycerine  may  be  obtained  from  the  mixture.     When  alkali 

^  present,  the  fatty  acids  thus  set  free  form  their  corresponding 

^^^ps.    Pancreatic  juice  contains  fats,  and  is  consequently  apt  after 

Election  to  have  its  alkalinity  reduced ;  and  an  aqueous  infusion 

^f  a  pancreatic  gland  (which  always  contains  a  considerable  amount 

^^  tat)  very  speedily  becomes  acid. 

Thus  pancreatic  juice  is  remarkable  for  the  power  it  possesses 
of  acting  on  all  the  food-stuffs,  on  starch,  fats  and  proteids. 

The  action  on  starch,  the  action  on  proteids,  and  the  splitting 

up  of  neutral  fats  appear  to  be  due  to  the  presence  of  three  distinct 

ferments,  and  methods  have  been  suggested  for  isolating  them. 

The  emulsifying  power,  on  the  other  hand,  is  connected  with  the 

general  composition  of  the  juice  (or  of  the  aqueous  infusion  of  the 

gland),  being  probablv  in  large  measure  dependent  on  the  alkali 

and  the  alkali-albumm  present.     The  proteolytic  ferment  trypsin 

as  ordinarily  prepared  seems  to  be  proteid  in  nature  and  capable 

of  giving  rise,  by  digestion,  to  peptone ;  but  it  may  be  doubted,  as 

in  the  case  of  pepsin  and  other  ferments,  whether  the  pure  ferment 

has  yet  been  isolated.     There  are  no  means  of  distinguishing  the 

amyloljrtic  ferment  of  the  pancreas  from  ptyalin.     The  term  pan- 
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creatin  has  been  variously  applied  to  many  different  preparations 
from  the  gland,  and  its  use  had  perhaps  better  be  avoided. 

The  action  of  pancreatic  juice,  or  of  the  infusion  or  extract  of 
the  gland,  on  starch,  is  seen  under  all  circumstances,  whether  the 
animal  be  fasting  or  not.  The  same  may  probably  be  said  of  the 
action  on  fats.  On  proteids  the  natural  juice,  when  secreted  in  a 
normal  state,  is  always  active.  The  glycerine  extract  or  aqueous 
infusion  of  the  gland,  on  the  contrary,  as  we  have  already  explained, 
§  237,  is  active  m  proportion  as  the  trypsinogen  has  been  converted 
into  trypsin. 

Succua  Entericua. 

§  260.  When,  in  a  living  animal,  a  portion  of  the  small 
intestine  is  ligatured,  so  that  the  secretions  coming  down  bom 
above  cannot  enter  its  canal,  while  yet  the  blood-supply  is 
maintained  as  usual,  a  small  amount  of  secretion  collects  in  its 
interior.  This  is  spoken  of  as  the  succus  enteriaus,  and  is  supposed 
to  be  furnished  by  the  glands  of  Lieberkiihn,  of  which  we  shall 
presently  speak. 

Succus  entericus  may  be  obtained  by  the  following  method,  known 
as  that  of  Thiry  modified  by  Yella.  The  small  intestine  is  divided  in 
two  places  at  some  distance  (30  to  50  cm.)  apart.  By  fine  sutures  the 
lower  end  of  the  upper  section  is  carefully  united  with  the  upper  end 
of  the  lower  section,  thus  as  it  were  cutting  out  a  whole  piece  of  the 
small  intestine  from  the  alimentary  tract.  In  successful  cases,  union 
between  the  cut  surfaces  takes  place,  and  a  shortened  but  otherwise 
satisfactory  canal  is  re-established.  Of  the  isolated  piece  the  two 
ends  are  separately  brought  through  incisions  in  the  abdominal 
wall  and  their  mouths  carefully  fastened  in  such  a  manner  that  each 
mouth  of  the  piece  opens  on  to  the  exterior.  During  the  process  of 
healing  two  tistulie  are  thus  established,  one  leading  to  the  beginning 
of  and  the  other  to  the  end  of  a  short  piece  of  intestine  quite  isolated 
from  the  rest  of  the  alimentary  canal ;  by  means  of  these  openings  a 
small  quantity  of  fluid  can  be  obtained. 

The  quantity  secreted  is  said  to  be  considerably  increased  by  the 
administration  of  pilocarpin. 

Succus  entericus  obtained  from  the  dog  by  the  above  method 
is  a  clear  yellowish  fluid  having  a  faintly  alkaline  reaction  and 
containing  a  certain  quantity  of  mucus.  It  is  said  to  convert 
starch  into  sugar,  and  proteids  into  peptone  (the  action  being  very 
similar  to  that  of  pancreatic  juice),  to  split  up  neutral  fats,  to 
emulsify  fats  and  to  curdle  milk.  It  is  also  said  to  convert 
rapidly  cane-sugar  into  grape-sugar,  and  by  a  fermentative  action 
to  convert  cane-sugar  into  lactic  acid,  and  this  again  into  butyric 
acid  with  the  evolution  of  carbonic  acid  and  free  hydrogen. 

According  to  the  above  results,  succus  entericus  is  to  be  re- 
garded as  an   important   secretion  acting  on  all  kinds  of  food. 
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But  even  at  the  best,  its  actions  are  slow  and  feeble.  Moreover 
many  observers  have  obtained  negative  results,  so  that  the  various 
statements  are  conflicting.  Besides,  we  have  no  exact  knowledge 
as  to  the  amount  to  which  such  a  secretion  takes  place  under 
normal  circumstances  in  the  living  body.  We  may  therefore 
conclude  that,  at  present  at  all  events,  we  have  no  satisfactory 
reasons  for  supposing  that  the  actual  digestion  of  food  in  the 
intestine  is,  to  any  great  extent,  aided  by  such  a  juice. 

Of  the  possible  action  of  other  secretions  of  the  alimentary 
canal,  as  of  the  caecum  and  large  intestine,  we  shall  speak  when 
we  come  to  consider  the  changes  in  the  alimentary  canal. 

§  261.     Gallstones,     Concretions,   often   of  considerable   size, 
known   as  gallstones   are  not   unfrequently  formed   in   the  gall 
bladder,  and  smaller  concretions  are   sometimes  formed  in  the 
bile  passages.     In  man  two  kinds  of  gallstones  are  common.     One 
kind  consists  almost  entirely  of  cholesterin,  sometimes  nearly  free 
from  any  admixture  with  pigment,  sometimes  more  or  less  dis- 
coloured with  pigment.     Gallstones  of  this  kind  have  a  crystalline 
structure,  and  when  broken  or  cut  shew  frequently  radiate  and 
concentric  markings.     The  other  kind  consists  chiefly  of  bilirubin 
in  combination  with  calcium.     Gallstones  of  this  land  are  dark 
coloured  and  amorphous.     Less  common  than  the  above  are  small 
dark  coloured  stones,  having  often  a  mulberry  shape,  consisting 
not  of  bilirubin  itself,  but  of  one  or  other  derivative  of  bilirubin. 
Gallstones  consisting  almost   entirely   of   inorganic  salts,   calcic 
carbonates  and  phosphates,  are  also  occasionally  met  with.     In  the 
lower  animals.  L  oLn  for  instance,  bilirubin^  gallstones  are  not 
uncommon,  but  cholesterin  gallstones  are  rare. 

A  gallstone  appears  always  to  contain  a  more  or  less  obvious 
'nucleus,'  around  which  the  material  of  the  stone  has  been  de- 
posited, and  which  may  be  regarded  as  the  origin  of  the  stone ; 
^^^  real  cause  of  the  formation  of  the  stone  lies  however  in  certain 
changes  in  the  bile,  by  which  the  cholesterin,  or  bilirubin,  or  other 
^i^tituent  ceases  to  remain  dissolved  in  the  bile.     But  we  cannot 
uiscxifis  this  matter  here. 


SEC.  5.     THE  SECRETION   OF  PANCREATIC  JUICE 

AND   OF   BILE. 


§  262.  The  Secretion  of  Pancreatic  Juice,  Although  in  some 
cases,  as  that  of  the  parotid  of  the  sheep,  the  flow  of  saliva  is 
continuous  or  nearly  so,  in  most  animals,  as  in  man,  the  inter- 
mittence  of  the  secretion  is  very  nearly  absolute.  While  food  is 
in  the  mouth  saliva  flows  freely,  but  between  meals  only  just 
sufficient  is  secreted  to  keep  the  mouth  moist,  and  probably  the 
greater  part  of  this  is  supplied  not  by  the  larger  salivary  but  by 
the  small  buccal  glands.  The  flow  of  pancreatic  juice,  on  the 
other  hand,  is  much  more  prolonged,  being  in  the  rabbit  continuous, 
and  in  the  dog  lasting  for  twenty  hours  after  food.  But  this 
contrast  between  the  secretion  of  saliva  and  that  of  pancreatic 
juice  is  natural,  since  the  stay  of  food  in  the  mouth  even  during 
a  protracted  feast  is  relatively  short,  whereas  the  time  during 
which  the  material  of  a  meal  is  able  in  some  way  or  other  to 
aflfect  the  pancreas  is  very  prolonged. 

The  flow  though  continuous,  or  nearly  so,  is  not  uniform.  In 
the  dog  the  flow  of  pancreatic  juice  begins  immediately  after  food 
has  been  taken,  and  rises  to  a  maximum  which  may  be  reached 
>vithin  the  first,  or  as  in  the  case  furnishing  the  diagram  given  in 
Fig.  69  the  second  hour,  but  which  more  commonly  is  not  reached 
until  the  third  or  fourth  hour.  This  rise  is  then  followed  by 
a  fall,  after  which  there  is  a  secondary  rise,  reaching  a  second 
maximum  at  a  very  variable  time  but  generally  between  the  fifth 
and  seventh  hours.  This  second  maximum,  however,  is  never  so 
high  as  the  first. 

The  second  rise  may  be  due  to  material  absorbed  from  the 
intestines  being  carried  in  the  circulation  to  the  pancreas  and 
so  directly  exciting  the  gland  to  activity,  much  in  the  same  way 
as,  in  the  case  of  tne  stomach,  the  absorption  of  digested  material 
promotes  the  flow  of  gastric  juice,  see  §  232 ;  ana  a  similar  ab- 
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sorption   may  coctribute   to  the   first  rise  also,  but  it  is  more 
P'x>l:>«ble   that  so  marked  and  sudden  a  rise  as  this  is  carried 
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''*^.    6B.      DUOBAM   HXUBTBtllNa   TBI    WrLUENCB    OF   FoOD    ON   THE    SeCKETIOH    OF 

PmcoKAJia  JmcE.  {N.  0.  Bernstein.) 
tK-.^^^  KbwilBK  represent  hoius  after  taking  food ;  the  ordinates  reprsBent  in  o.o. 
™*»»iioant  of  secretion  in  10  min.  A  roackad  rise  ia  seen  at  B  immediately  after 
!^^^  ^as  taken,  with  a  secondary  rise  between  the  4tli  and  Gth  houiB  afterwards. 
^QBre  the  lian  ia  dotted  the  observation  was  inteirupted.  On  food  being  again 
^^%n  at  C,  another  rise  is  seen,  followed  in  torn  by  a  depreaaion  and  a  secondary 
"**  at  the  5th  hour.    A  very  aimilar  curre  would  represent  the  secretion  of  bile. 

^t  by  some  nervous  mechanism.     The  details  of  this  mechanism 
'^ve  however  not  as  yet  been  satisfactorily  worked  out. 

The  pancreas  derives  its  nerves,  which  reach  it  along  its  blood 
^^saels,  mtm  the  solar  plexus  of  the  splanchnic  system,  but  the 
•Utimate  origins  of  the  fibres  have  not  been  traced  out ;  some  of 
lliem  however  certainly  come  through  the  plexus  from  the  right 

WgUB. 

Stimulation  of  the  medulla  oblongata,  or  of  the  spmal  cord, 
iriU  call  forth  secretion  in  a  quiescent  gland,  or  increase  a  secretion 
already  going  on.  From  this  we  may  infer  the  exbtence  of  a 
reflex  mechanism,  though  we  cannot  as  yet  trace  out  satisfactorily 
the  exact  path  of  either  the  afferent  or  the  efferent  impulses ;  all 
we  can  say  is  that  the  latter  do  not  reach  the  pancreas  by  the 
vagus,  since  stimulation  of  the  medulla  is  effective  after  section 
of  both  vagi. 

A  secretion  already  going  on  may  be  arrested  by  stimulation 
of  the  central  end  of  the  vagus,  and  the  stoppage  of  the  secretion 
which  has  been  observed  as  occurring  during  and  after  vomiting 
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is  probably  brought  about  in  this  way.  This  effect,  which  however 
is  not  conflned  to  the  vagus,  stimulation  of  other  afferent  nerves, 
such  as  the  sciatic,  producing  the  same  effect,  may  be  regarded 
(in  the  absence  of  any  proof  that  the  result  is  due  to  reflex 
constriction  of  the  pancreatic  blood  vessels  unduly  checking  the 
blood-supply)  as  an  mhibition  of  a  reflex  mechanism  at  its  centre 
in  the  medulla  or  in  some  other  part  of  the  central  nervous 
system,  much  in  the  same  way  as  fear  inhibits  at  the  central 
nervous  system  the  secretion  of  saliva  following  food  in  the 
mouth,  §  226.  But  if  so,  then  we  must  regard  the  secretion  of 
pancreatic  juice  as  closely  resembling  that  of  saliva  in  as  much 
as  it  is  called  forth  by  a  reflex  act.  Yet  it  is  stated  that,  unlike 
the  case  of  saliva,  the  secretion  of  pancreatic  juice  continues  after 
all  the  nerves  going  to  the  gland  have  been  divided,  an  operation 
which  would  do  away  with  the  possibility  of  reflex  action.  Such 
an  experiment  however  cannot  be  regaraed  as  decisive,  since  it  is 
almost  impossible  to  be  sure  of  dividing  all  the  nerves. 

No  evidence  has  yet  been  brought  forward  to  prove  the  exist- 
ence of  any  double  nervous  mechanism  similar  to  that  of  chorda 
fibres  and  sympathetic  fibres  in  the  salivary  gland.  All  that  can 
be  said  is  that,  when  the  gland  is  stimulated  to  secrete,  the  blood 
vessels  are  dilated  as  in  the  salivary  gland ;  and  we  have  already, 
§  232,  dwelt  on  the  histological  changes  which  accompany  secre- 
tion. We  may  add  that  when  the  gland  is  stimulated  to  increased 
secretion  the  increase  is  not  merely  an  increase  of  water,  the 
discharge  of  solids  is  increased  even  more  than  the  discharge  of 
water,  so  that  the  percentage  of  solids  in  the  juice  increases. 

The  quantity  of  pancreatic  juice  secreted,  in  the  case  of  man, 
in  24  hours  has  been  calculated  at  300  cc,  but  such  a  calculation 
is  of  very  uncertain  value. 

We  have  seen,  §  227,  that  in  the  salivary  glands  the  pressure 
which  may  be  exerted  by  the  fluid  in  the  ducts  is  very  considerable, 
exceeding  it  may  be  even  the  blood-pressure  in  the  carotid  artery. 
In  this  respect  the  pancreas  differs  from  the  salivary  glandfs. 
When,  in  a  rabbit,  a  cannula  connected  with  a  vertical  tube  or  a 
manometer  is  placed  in  the  pancreatic  duct,  the  column  of  fluid 
does  not  rise  above  a  height  corresponding  to  a  pressure  of  about 
17  mm.  of  mercury.  But  at  this  pressure  the  gland  becomes 
oedematous  on  account  of  the  juice  secreted  passing  back  through 
the  walls  of  the  ducts  and  alveoli  into  the  connective  tissue ;  a 
much  higher  pressure  is  needed  to  render  a  salivary  gland 
oedematous ;  and  whether  the  low  pressure  observed  in  the  pan- 
creas is  due  to  the  ease  with  which  oedema  takes  place  or  to  the 
actual  secretion  not  being  able  to  reach  a  higher  pressure  cannot 
be  stated  with  certainty. 

§  262.*  The  Secretion  of  Bile.  The  act  of  secretion  of  bile  by 
the  liver  must  not  be  confounded  with  the  discharge  of  bile  from 
the  bile-duct  into  the  duodenum.     When  the  acid  contents  of  the 
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stomach  are  poured  over  the  orifice  of  the  biliary  duct,  a  gush  of 
bile  takes  place.  Indeed,  stimulation  of  this  region  of  the  duo- 
denum with  a  dilute  acid  at  once  calls  forth  a  flow,  though 
alkaline  fluids  so  applied  have  little  or  no  effect.  When  no  such 
acid  fluid  is  passing  into  the  duodenum  no  bile  is,  under  normal 
circumstances,  discharged  into  the  intestine.  The  discharge  is  due 
to  a  contraction  of  the  muscular  walls  of  the  gall-bladder  and 
ducts,  accompanied  by  a  relaxation  of  the  sphincter  of  the  orifice  ; 
both  acts  are  probably  of  a  reflex  nature,  but  the  details  of  the 
mechanism  have  not  been  worked  out. 

The  secretion  of  bile  on  the  other  hand,  as  shewn  by  the 
results  of  biliary  fistulse,  is  continuous ;  it  appears  never  to  cease. 
When  no  food  is  taken  the  bile  passes  from  the  liver  along  the 
hepatic  and  then  back  along  the  cystic  duct  (the  flow  being  aided 
probably  by  peristaltic  contractions  of  the  muscular  fibres  of  the 
duct)  to  the  gall-bladder,  where  it  is  temporarily  stored  ;  hence  in 
starving  animals,  when  no  discharge  is  excited  by  food,  the  gall- 
bladder becomes  greatly  distended  with  bile.  But  the  secretion, 
though  continuous,  is  not  uniform.  The  rate  of  secretion  varies, 
and  is  especially  influenced  by  food ;  it  is  seen  to  rise  rapidly  after 
meals,  reaching  its  maximum,  in  dogs,  in  from  four  to  eight  hours. 
There  seems  to  be  an  immediate,  sudden  rise  when  food  is  taken, 
then  a  fall,  followed  subsequently  by  a  more  gradual  rise  up  to 
the  maximum,  and  ending  in  a  final  fall  to  the  lowest  point. 
The  curve  of  secretion,  in  fact,  resembles  that  of  the  secretion  of 
pancreatic  juice  in  having  a  double  rise ;  and  as  in  that  case  so 
in  this,  it  is  very  probable  that  the  first  rise  is  in  part  the  result 
of  nervous  action,  and  it  is  also  possible  that  nervous  influences' 
intervene  in  the  second  more  lasting  rise;  but,  as  we  shall  see 
presently,  even  nervous  influences  may  afiect  the  liver  in  a  very 
indirect  manner,  and  our  knowledge  as  to  any  direct  action  of  the 
nervous  system  on  the  liver  is  at  present  very  imperfect. 

The  liver  receives  its  chief  nervous  supply  from  the  solar 
plexus,  and   to  a  great   extent   through  that  part  of  the  solar 

Elexus  called  the  hepatic  plexus  which  embraces  the  portal  vein, 
epatic  artery  and  bile  duct,  as  these  plunge  into  the  liver  at  the 
porta  The  solar  plexus  is  fed  by  the  two  abdominal  splanchnic 
nerves,  major  and  minor,  by  other  smaller  nerves  from  the  lower 
parts  of  the  splanchnic  (sympathetic)  chain,  and  by  the  terminal 
portion  of  the  right  va^us  nerve.  Small  branches  from  the  left 
vagus,  rami  hepatici,  also  pass  directly  to  the  liver  from  the 
terminations  of  that  nerve  on  the  stomach,  finding  their  way  also 
through  the  porta.  The  fibres  thus  entering  the  liver  from  the 
several  sources  are,  for  the  most  part,  non-medullated  fibres ;  with 
these,  however,  are  mixed  a  certain  number  of  meduUated  fibres. 

As  to  the  functions  of  these  nerves  in  reference  to  the  secretion 
of  bile,  we  may  say  at  once  that  no  satisfactory  or  exact  statement 
can  at  present  be  made. 

28—2 


436  BLOOD-SUPPLY  OF  LIVER.  [Book  ii. 

§  263.  It  must  be  remembered,  however,  that  the  liver  is  so 
peculiarly  related  to  the  other  organs  of  digestion,  and  its  vascular 
arrangements  so  special  that,  with  regard  to  it,  as  compared  with 
many  other  organs,  an  intrinsic  nenous  mechanism  must  occupy 
a  more  or  less  subordinate  position.  The  blood-supply  of  the 
pancreas  for  instance  is  dependent  chiefly  on  the  width  for  the 
time  being  of  the  pancreatic  arteries ;  it  will  be  affected  of  course 
by  the  general  arterial  pressure  and  by  any  circumstances  which 
affect  the  outflow  by  the  pancreatic  veins,  and  therefore  by  the 
condition  of  the  portal  venous  system  of  which  those  veins  form  a 
part ;  but  in  the  main,  the  amount  of  blood  bathing  the  alveoli  of 
the  pancreas  will  depend  on  whether  the  pancreatic  arteries  are 
constricted  or  dilated.  The  quality  of  the  blood  reaching  the 
pancreas,  being  arterial  blood  drawn  direct  from  the  arterial 
foundation,  will  be  modified  only  by  such  circumstances  as  modify 
the  general  mass  of  the  blood. 

Verj'  different  is  the  case  of  the  liver.  The  supply  of  arterial 
blood  coming  direct  through  the  hepatic  artery  is  small  compared 
with  the  mass  pouring  through  the  vena  portse;  it  moreover,  as 
we  shall  see,  is  distributed  in  capillaries  among  the  small  inter- 
lobular branches  of  the  vena  portae  and  has  become  venous, 
indeed  merged  with  the  portal  blood,  before  it  reaches  the  actual 
lobules.  The  supply  of  blood  for  the  liver  is  mainly  that  through 
the  vena  portae ;  and  this  supply  is  not,  like  an  arterial  supply,  a 
feirly  uniform  one,  modified  chiefly  by  the  vaso-motor  events  of 
the  organ  itself,  but  is  dependent  on  what  happens  to  be  taking 
place  in  the  alimentary  canal  and  in  abdominal  organs  other  than 
the  liver  itself.  When  no  food  is  being  digested  and  the  alimentary 
canal  is  at  rest,  the  vessels  of  that  canal,  as  we  have  already  said  in 
speaking  of  the  stomach,  are  like  those  of  the  pancreas  and  salivary 
glands,  in  a  state  of  tonic  constriction ;  a  relatively  small  quantity  of 
blood  passes  through  them ;  hence  the  flow  through  the  vena  portse 
is  relatively  inconsiderable,  and  the  pressure  in  that  vessel  is  low. 
When  digestion  is  going  on  all  the  minute  arteries  of  the  stomach, 
intestine,  spleen  and  pancreas  are  dilated,  and  general  arterial 
pressure  being  by  some  means  or  other  maintained  (see  §  194), 
a  relatively  large  quantity  of  blood  rushes  into  the  vena  porta? 
and  the  pressure  in  that  vessel  becomes  much  increased,  though 
of  course  remaining  lower  than  the  general  arterial  pressure. 
Moreover  during  digestion,  peristaltic  movements  of  the  muscular 
coats  of  the  alimentary  canal  are,  as  we  have  seen,  active ;  and 
these  movements,  serving  as  aids  to  the  circulation  (see  §  121), 
help  to  increase  the  portal  flow.  Further  the  spleen,  as  we 
shall  see  in  speaking  of  that  organ,  is  in  many  animals  richly 
provided  with  plain  muscular  fibres,  and  in  such  cases  seems, 
especially  during  digestion,  to  act  as  a  muscular  pump  driving 
the  blood  onwards,  with  increased  vic^our,  along  the  splenic  veins 
to  the  liver.     So  that  even  were  the  liver  not  connected  with 
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the  central  nervous  system  by  a  single  nervous  tie,  the  tide 
of  blood  through  the  hver  would  ebb  and  flow  according  to  the 
absence  or  presence  of  food  in  the  alimentary  canal. 

An  increase  of  blood-supply  does  not  of  course  necessarily 
mean  an  increase  of  secretory  activity.  As  we  have  seen,  §  227,  in 
the  presence  of  atropine,  the  secretion  of  saliva  may  stand  still  in 
spite  of  dilated  blood  vessels  and  the  consequent  rush  of  blood ; 
but  we  may  safely  assert  that,  other  things  being  equal,  a  fuller 
blood-supply  is  favourable  to  activity.  Apparently  a  mere  change 
in  the  quantity  of  blood  bathing  an  alveolus  will  not  start  in  tne 
cells  the  changes  which  constitute  the  act  of  secretion,  any  more 
than  an  increase  in  the  blood  bathing  a  muscular  fibre  will  neces- 
sarily set  going  a  contraction ;  but  unless  there  be  some  counter- 
acting influence  at  work,  a  fuller  and  richer  lymph  around  a  cell 
will  naturally  lead  to  the  cell  taking  up  more  material  from  the 
lymph,  and  so  will  increase  the  cell's  store  of  energy.  Hence, 
especially  in  the  hepatic  cell,  which  appears  to  be  always  at 
work,  always  undergoing  metabolism  of  such  a  kind  as  to  give 
xise  to  bile,  we  mignt  fairly  expect  the  greater  flow  through  the 
portal  vein  to  quicken  the  flow  through  the  bile  duct. 

And  as  a  matter  of  fact  we  do  find  vaso-constrictor  action 
<lominant  over  the  secretion.  In  the  various  experiments  which 
lave  been  made  to  ascertain  the  action  of  the  nervous  system  on 
^he  secretion  of  bile,  it  has  always  been  found  that  stimulation  of 
"^he  medulla  oblongata,  or  of  the  spinal  cord,  or  of  the  abdominal 
.splanchnic  nerves,  stops  or  at  least  checks  the  flow  of  bile.  Now 
^he  eflTect  of  these  stimulations  is,  as  we  have  already  seen  more 
"(ban  once,  a  powerful  constricting  action  on  the  abdominal  blood 
"vessels;  by  such  stimulation  the  blood-supply  of  the  liver  is 
^nnaterially  diminished,  and  in  consequence  the  secretory  activity 
xs  slackened  or  arrested. 

But  there  is  something  besides  the  mere  quantity  of  blood  to 
le  considered  in  this  relation.  The  blood  which  passes  from  the 
alimentary  canal  at  rest  is  ordinary  venous  blood,  laden  simply 
with  carbonic  acid  and  the  ordinary  products  of  the  metabolism 
of  the  muscular  and  mucous  coats  of  the  canal.  When  digestion 
is  going  on  the  portal  blood  is  laden,  as  we  shall  see,  with  some 
at  all  events  of  the  products  of  digestion,  with  sugar  probably 
and  with  various  proteid  bodies.  And  it  is  quite  possible  or  even 
probable  that  some  of  these  bodies  in  the  portal  blood  reaching 
the  hepatic  cells  stir  them  up  to  secretory  activity ;  indeed  this 
view  may  be  regarded  as  supported  by  the  facts  that  proteid 
food  increases  the  quantity  of  bile  secreted,  whereas  fatty  food, 
which  as  we  shall  see  passes,  chiefly  if  not  wholly,  not  by  the 

Sortal  vein  but  by  the  lymphatics  and  which  is  probably  largely 
isposed  of  in  some  way  or  other  before  it  can  reach  the  liver, 
has  no  such  eflect. 

Hence  we  may  infer  that  at  all  events  the  second  increase  of 
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the  flow  of  bile  which  occurs  during  the  later  stages  of  digestion 
may  be  to  a  large  extent  the  direct  effect  of  blood,  laden  with 
digestive  products,  passing  from  the  stomach  and  intestines, 
especially  the  latter,  to  the  liver  by  the  portal  vein,  quite 
independent  of  any  direct  nervous  action  on  the  liver  itself; 
and  indeed  it  is  possible  that  the  first  rise  also  may  be  partly 
due  to  the  increased  flow  of  blood  from  the  stomach,  aided  by 
the  absorption  from  that  organ  of  a  certain  amount  of  digested 
material.  Since,  however,  there  is  no  evidence  of  any  decrease  in 
blood-supply,  or  in  the  rate  of  absorption,  corresponding  to  the 
fall  between  the  two  rises,  some  influences  other  than  those  which 
we  are  discussing  must  be  at  work  in  the  matter. 

§  254.  The  blood-supply  of  the  liver  being  thus,  quite  apart 
from  any  nervous  supply  of  its  own,  so  closely  dependent  on  what 
is  going  on  in  the  alimentary  canal,  it  will  be  convenient  to  say  a 
few  words  more  concerning  the  vaso-motor  nerves  of  that  canal. 
As  we  have  already  said  in  speaking  of  the  vascular  system 
(§  169),  the  vaso-constrictor  fibres  for  the  stomach  and  intestines, 
large  and  small,  issuing  from  what  we  may  call  the  vaso-constrictor 
region  of  the  cord  pass  for  the  most  part  through  the  two 
abdominal  splanchnic  nerves,  major  and  minor,  a  small  number 
only  passing  out  below  the  roots  of  those  nerves.  When  these 
splanchnic  nerves  are  divided  the  vessels  of  the  canal  are  dilated, 
when  they  are  centrifugally  stimulated  the  vessels  are  constricted. 
Whether  there  be  any  distinct  vaso-dilator  fibres  for  all  or  any  part 
of  the  canal,  and  if  so  what  course  they  take,  is  not  known.  When 
no  food  has  for  some  time  been  taken,  the  mucous  membrane  of  the 
stomach  as  seen  through  a  gastric  fistula  is  pale ;  the  blood  vessels 
are  constricted.  And  as  far  as  we  know  a  similar  condition  obtains 
throughout  the  small  and  large  intestines.  When  food  is  taken 
the  mucous  membrane  of  the  stomach  becomes  flushed ;  its  vessels 
become  dilated.  This  appears  to  be  the  result  of  an  inhibition  of 
the  previously  existing  tonic  constriction;  at  least  we  have  no 
evidence  supporting  any  other  explanation.  Apparently  the 
presence  of  food  in  the  stomach  starts  in  the  mucous  membrane 
influences  which,  ascending  to  the  central  nervous  system,  inhibit 
the  vaso-motor  centre  for  the  abdominal  splanchnic  nerves  or  such 
part  of  that  centre  as  governs  the  vaso-constrictor  fibres  of  the 
stomach.  By  what  path  such  afferent  impulses  reach  the  central 
nervous  system  is  not  as  yet  definitely  settled;  but  possibly  by 
the  vagus  nerve,  if  it  be  true,  as  stated,  that  centripetal  stimu- 
lation of  that  nerve,  while  it  raises  the  general  blood-pressure 
by  increasing,  in  a  reflex  manner,  vaso-constriction  in  other 
regions,  leads  to  a  dilation  of  the  gastric  vessels.  So  also  it 
is  probable  that  as  the  food  reaches  succeeding  sections  of 
the  alimentary  canal,  these  in  turn  in  a  similar  manner  become 
flushed  with  blood.  In  the  frog  there  is  some  evidence  that 
vaso-constrictors   leaving   the   spinal   cord  by  consecutive  spinal 
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nerves  govern  the  blood  vessels  of  consecutive  sections  of  the 
alimentary  canal. 

All  tlus  flushing  of  the  canal  with  blood  leads,  we  repeat,  to  an 
increased  flow  of  blood  at  a  higher  pressure  through  the  portal  vein. 
Whether  besides  this  there  be  any  additional  mechanism  set  to  work, 
such  as,  for  instance,  which  some  observations  suggest,  a  rhythmical 
peristaltic  contraction  of  the  portal  vein,  by  which  the  blood  is  still 
more  rapidly  hurried  to  the  liver,  and  whether  the  increased  venous 
supply  through  the  portal  vein  is  accompanied  by  a  corresponding 
increase  of  the  lesser  supply  of  arterial  blood  through  the  hepatic 
artery,  is  not  known.  It  may  perhaps  be  here  remarked  that  there  is 
no  need  for  any  increase  of  arterial  blood,  since  the  blood  from  the 
alimentary  canal,  owing  to  its  more  rapid  passage  through  the 
minute  vessels,  is  probably  like  the  corresponding  blood  in  the 
veins  of  an  active  salivary  gland,  (though  probably  also  not  to 
the  same  extent)  less  venous  than  usual  during  digestion  in  spite 
of  the  extra  quantity  of  carbonic  acid  thrown  into  it  by  the 
increased  metabolism,  of  the  muscular  coat  during  the  peristaltic 
movements. 

§  266.  It  is  interesting  to  observe  that  the  pressure  under 
which  the  bile  is  secreted  is  relatively  low  like  that  of  the 
pancreatic  juice,  not  high  like  that  of  the  saliva ;  it  is  much  lower 
than  the  arterial  pressure  in  the  same  animal,  whereas  in  the  case 
of  saliva  (§  227)  the  pressure  is  greater  than  the  blood-pressure  in 
the  carotid  artery.  But,  in  the  case  of  bile,  since  the  blood  which 
flows  through  the  hepatic  lobules  is,  mainly,  venous  portal  blood, 
we  have  to  compare  the  pressure  of  the  secretion  not  with  arterial 
pressure  but  with  the  venous  pressure  in  the  portal  system ;  and 
m  the  dog  it  has  been  found  that  while  the  pressure  of  the  bile 
secreted  stood  at  about  200  mm.  of  a  solution  of  sodium  carbonate, 
that  is,  about  15  mm.  mercury,  the  blood-pressure  in  a  branch  of 
the  superior  mesenteric  vein  stood  only  at  about  90  mm.  of  the 
same  solution,  that  is,  about  7  mm.  mercury.  Now  the  venous 
pressure  in  the  mesenteric  veins  is  higher,  though  only  slightly 
higher,  than  that  in  the  portal  vein  into  which  these  pour  their 
blood  (the  difference  of  pressure  being  the  main  cause  why  the 
blood  flows  from  the  one  into  the  other),  and  is  therefore  certainly 
higher  than  the  pressure  in  the  portal  capillaries  of  the  hepatic 
lobules.  So  that  what  is  true  of  the  salivary  gland  is  also  true, 
on  a  diflferent  scale,  of  the  liver,  viz.  that  the  pressure  exerted  by 
the  secretion  is  higher  than  the  pressure  of  the  blood  in  the  vessels 
feeding  the  secreting  cells. 

§  266.  If  the  pressure  in  the  bile  duct  be  artificially  increased, 
as  by  pouring  fluid  into  the  glass  tube  or  manometer  with  which 
the  cannula  m  the  duct  is  connected,  a  resorption  of  the  secreted 
bile  takes  place;  and  resorption  will  also  take  place  within  the 
body,  when  the  pressure  generated  by  the  act  of  secretion  itself 
reaches  and  is  maintained   at  a  sufficiently  high   level.     Thus 
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when  in  the  living  body  the  bile  duct  is  ligatured,  or  becomes 
obstructed  by  gallstones  or  otherwise,  fluid  is  accumulated  on  the 
near  side  of  the  ligature  at  a  pressure  which  goes  on  increasing 
until  resorption  of  bile  takes  place,  bile  salts  and  biliary  pigments 
are  thrown  back  upon  the  system,  and  "jaundice"  results.  It 
would  appear  that  in  these  cases  resorption  takes  place  through 
the  interlobular  bile  ducts  and  not  through  the  hepatic  cells  or 
other  structures  within  the  lobules.  The  high  pressure  in  the 
ducts  does  not  lead  to  a  reversal  of  the  current  in  the  hepatic 
cells  (at  most  it  slackens  or  possibly  stops  the  current)  but  the 
bile  secreted  into  the  interlobular  ducts  escapes  from  these.  It 
further  appears  that  the  escape  is  not  into  the  blood  vessels 
but  into  the  Ijrmphatics;  the  bile  salts,  pigments  and  other 
constituents  are  carried  into  the  thoracic  duct,  and  in  an  indirect 
manner  only  find  their  way  into  the  blood  stream. 

To  complete  the  history  of  the  secretion  of  bile  we  ought  now 
to  turn  to  the  manufacture  of  the  biliary  constituents  within  the 
cells.  But  since  the  hepatic  cells  are  also  engaged  in  labours 
other  and  more  important  perhaps  than  that  of  secreting  bile,  it 
will  be  convenient  to  defer  what  we  have  to  say  on  this  point  until 
we  come  to  speak  of  the  formation  of  glycogen  and  of  the  general 
metabolic  events  taking  place  in  the  liver. 


SEC.  6.     THE-  STRUCTURE    OF    THE    INTESTINES. 


The  Small  Intestine, 

§  267.     The  intestine,  small  and  large,  throughout  its  length 

^ipni  the  pylorus  to  close  upon  the  rectum,  follows  in  its  structure 

^*^e  general  plan  previously  described  §  208.     A  thin  outer  longi- 

^^^nal  muscular  layer,  covered  by  peritoneum,  is  succeeded  by  a 

^^icker  inner  circular  muscular  layer,  and  this  double  muscular 

^^*^^t  is  separated  by  a  submucous  layer  of  loose  connective-tissue, 

^^^^rying   the   larger  blood  vessels,  from  the  mucous  membrane 

^*^ich  consists  of  an  epithelium  lying  upon  a  connective-tissue 

r^^^is  of  peculiar  nature,  a  well-developed  muscularis  mucosae  of 

^^gitudinal  and  circular  fibres  marking  oflF  the  mucous  membrane 

per  fix)m  the  underlying  submucous  tissue. 

In  the  small  intestine  the  outer  longitudinal  muscular  layer  is 

^nly  distributed  over  the  whole  circumference  of  the  tube  and 

everywhere  much  thinner  than  the  inner  circular  layer,  which 

^^    the  more  important  layer  of  the  two.     The  individual  fibre- 

^^lls  of  these  muscular  layers  of  the  intestine  are  large  and  well 

V-^veloped.     In  the  thin  sheet  of  connective-tissue  which  separates 

^^distinctly  the  two  layers  lies  the  plexus  of  Auerbach,  a  plexus  of 

^^rve-fibres,  for  the  most  part  non-medu  Hated,  at  the  nodes  of 

^hich  are  gathered  groups  of  very  small  nerve-cells,  the  substance 

^f  each  cell  being  especially  scanty.     This  plexus  supplies  the  two 

Muscular  layers  with  nerve-fibrea 

The    submucous    coat    contains    besides    blood    vessels    and 

'ymphatics,  a  somewhat  similar  plexus  of  nerve-fibres,  called  the 

plexus  of  Meissner;  from  this  plexus  fine  nerve-fibres  proceed  to 

the  blood  vessels,  to  the  muscularis  mucosae,  and  possibly  to  other 

structures. 

§  258.     The  Mucous  Membrane,     This  is  thrown  into  folds 
which  are  not  as  in  the  case  of  the  stomach  temporary  longi- 
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tudinal  folds,  rugae,  but  permanent  transverse  folds,  the  vcdvulae 
conniventes,  reaching  half-way  or  two-thirds  of  the  way  round  the 
tube.  Elach  fold  is  a  fold  of  the  whole  mucous  membrane  carrying 
with  it  a  part  of  the  submucous  tissue,  the  latter  thus  forming  a 
middle  sheet  between  the  mucous  membrane  on  the  upper  surfSeice 
and  that  on  the  lower  surface  of  the  fold.  The  folds,  which  vary  in 
size,  large  and  small  frequently  alternately,  begin  to  appear  at  a 
little  distance  from  the  pylorus ;  they  are  especially  well  developed 
just  below  the  opening  of  the  bile  and  pancreatic  ducts,  and  are 
continued  down  to  about  the  middle  of  the  ileum,  where,  becoming 
smaller  and  irregular,  they  gradually  disappear.  They  serve  to 
increase  the  inner  surface  of  the  intestine  and  present  an  obstacle 
to  the  too  rapid  transit  of  material  along  the  tube. 

Over  and  above  the  coarser  inequalities  of  surface  caused  by 
these  folds,  the  level  of  the  mucous  membrane  is  broken  on  the 
one  hand  by  tongue-like  projections,  the  villi,  and  on  the  other 
hand  by  tubular  depressions,  the  glands  or  crypts  of  LieberkiihrL 
The  latter  are  verv  much  smaller  and  are  more  numerous  than  the 
former,  several  crypts  being  placed  in  the  interval  between  two 
villi.  Both  are  found  on  the  projecting  valvulse  as  well  as  in  the 
valleys  between,  and  both  extend  along  the  whole  length  of  the 
intestine  from  the  pylorus  to  the  ileocsecal  valve;  but  while  the 
villi  vary  a  good  deal,  being  short  and  few  immediately  next  to 
the  pylorus,  very  numerous  and  large  in  the  duodenum  and  upper 
part  of  the  intestine,  less  numerous,  smaller,  and  more  irregular  in 
the  lower  part,  the  crypts  have  nearly  the  same  characters  and  are 
uniformly  <iistributed  throughout  Very  much  as  in  the  case  of 
the  stomach,  the  muscularis  mucosae  runs  in  an  even  line  (except 
for  the  sweeps  of  the  valvul©  conniventes)  at  a  little  distance  from 
the  bases  of  the  closely  packed  crypts,  and  at  a  greater  distance 
(viz.  the  length  of  the  crypts)  from  the  bases  of  the  villi ;  as  we 
shall  see,  however,  the  muscularis  mucosae  sends  up  muscular 
fibres  into  each  villus. 

§  269.  Before  proceeding  to  describe  the  villi  and  crypts  it 
will  be  convenient  to  study  the  characters  of  the  peculiar  connective- 
tissue  lying  between  the  epithelium  above  and  the  muscularis 
mucosae  below.  The  upper  surface  of  this  tissue  is  defined  by 
what  may  be  spoken  of  as  a  basement  membrane,  which  however 
appears  not  to  be  here  (at  least  over  the  villi)  as  in  the  stomach 
a  continuous  sheet  composed  of  fiat  connective-tissue  corpuscles 
fused  together,  but  to  have  a  structure  which  we  shall  presently 
describe.  The  muscularis  mucosae  consists  of  an  outer  longitu- 
dinal and  an  inner  circular  sheet  of  plain  muscular  fibres,  in 
some  places  the  one,  and  in  other  places  the  other  being  pre- 
dominant ;  each  sheet  consists  in  most  cases  of  a  single  layer  of 
fibres,  the  constituent  fibres  being  cemented  into  fiat  bundles  and 
the  bundles  united  by  fine  connective- tissue.  Between  the  flat 
bundles  vessels  pass  to  and  from  the  submucous  tissue  below  and 
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the  rest  of  the  mucous  memhrane  above,  the  muscle  itself  being 
also  well  provided  with  blood  vessels. 

The  comiective  tissue  which  occupies  the  whole  of  the  narrow 
irregular  zone  between  the  basement  membrane  above  and  the 
muscularis  mucosae  below,  except  for  the  space  taken  up  by  the 
blood  vessels  and  definite  lymphatic  vessels  ^of  which  we  shall 
presently  speak),  is  of  a  kind,  which,  though  it  is  not  quite  the 
same  in  the  villi  as  elsewhere,  is  on  the  whole  closely  allied  to 
the  kind  known  under  the  various  names  of  retiform  or  reticular 
connective  tissue,  adenoid  tissue  or  lymphoid  tissue,  and  indeed  is 
often  called  by  one  or  other  of  these  names. 

Typical  adenoid  tissue  such  as  is  met  with  in  the  lymphatic 
follicles  of  the  intestine,  of  which  we  shall  presently  have  to  speak, 
in  lymphatic  glands  and  elsewhere,  presents  the  appearance  of  a 
fine  close-set  and  fairly  regular  network  with  meshes  so  small  as 
not  to  afford  room  for  more  than  one  or  two  leucocytes  in  each 
mesh.     The  bars  of  the  network  are  delicate  fibres  composed  of 
material  which  is  similar  to,  if  not  identical  with,  that  of  the 
fibrillae   of  ordinary  connective  tissue.     At  the  nodal  points  of 
the  network  thickenings  are  frequently  but  not  always  present, 
and  some   of  the  more  conspicuous   of  these  thickenings  may 
contain  nuclei  either  spherical  in  form  or  more  or  less  misshapen ; 
but  such   nuclei  are  not  numerous.     Adenoid   tissue  in  fact  is 
composed  of  anastomosing  branched  cells,  the  greater  part  of  the 
cell  m  most  cases,  and  indeed  the  whole  oJP  the  cell  in  some  cases, 
liaving  been  transformed  into  filamentous  processes,  of  a  differen- 
tiated nature,  which  join  freely  with  each  other  and  with  the 
like  processes  of  other  cells  to  form  a  fine  regular  network,  a 
portion  only  of  the  cell,  sometimes  with  and  sometimes  without 
Its  nucleus  (this  having  disappeared),  being  left  to  form  a  nodal 
thickening. 

It  may  be  regarded  as  a  less  developed  form  of  connective- 
tj88ue  than  the  white  fibrous  or  the  ordinary  areolar  connective- 
tWBue.    In  the  earlier  stage  of  its  development  in  the  embryo 
connective-tissue  of  all  kinds  is  represented  by  a  number  of  nu- 
cleated granular  protoplasmic  cells,  lying  in  a  fluid  or  nearly  fluid 
Diatrix.    The  cell-bodies  are  branched,  the  branches  joining  together 
•t  intervals  to  form  a  network.     In  the  development  of  orainary 
connective-tissue  the  outer  portion  of  the  cell-body  of  some  of  the 
cells  is  converted  into  or  at  least  gives  rise  to  fibrillar  gelatinife- 
Tom  material,  or  the  whole  of  it  may  be  so  converted,  tne  rest  of 
the  cell,  or  other  cells,  being  left  as  connective-tissue  corpuscles. 
In  adenoid  tissue  the  cells  remain  as  branched  cells,  joining  into 
a  network,  and  the  cell- substance  is  not  in  any  part  transformed 
into  bundles   of  fibrillse,  though   it   has   undergone,  besides  an 
increase  in  its  branching,  in  part  at  all  events,  a  chemical  trans- 
formation, since  the  material  forming  the  bars  of  the  network  is 
in  a  large  measure  no  longer  ordinary  'protoplasmic'  cell-sub- 
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stance.  The  meshes  of  typical  adenoid  tissue  are  alwajrs  crowded 
with,  and  practically  filled  up  by,  leucocytes  of  various  sizes;  it 
is  only  with  very  great  difficulty  that  the  network  can  be  obtained 
free  from  them. 

The  connective-tissue  occupying  the  spaces  between  and  below 
the  glands  of  Lieberklihn  is  very  similar  to  adenoid  tissue  in  as 
much  as  it  presents  a  network  of  delicate  fibres ;  but  the  meshes 
are  somewhat  larger  and  more  irregular  than  those  of  true  adenoid 
tissue,  and  though  they  contain,  are  not  crowded  with,  leucocyteB ; 
the  amount  of  cell-substance  left  at  some  of  the  nodal  points  is 
greater,  nuclei  are  more  abundant,  and  some  of  the  processes  of 
the  cells  forming  the  bars  of  the  network  are  flat  expansions 
rather  than  fibres.  It  is  on  the  whole  therefore  somewhat 
different  from  the  typical  adenoid  tissue  of  lymphatic  structures, 
and  though  it  is  often  spoken  of  under  the  same  name  as  that 
tissue,  it  will  be  convenient  to  distinguish  it  by  some  term;  it 
might  be  called  reticular  tissue. 

The  tissue  which  fills  up  the  body  of  a  villus  differs  still  more 
from  true  adenoid  tissue;  it  is  formed  of  branching  cells  which 
have  for  the  most  part  retained  their  nuclei  and  a  larger  amount 
of  cell-substance  round  each  nucleus;  the  processes  are  partly 
membranous,  partly  fibres,  and  some  of  them  exhibit  a  tendency 
to  form  minute  bundles  of  fibrillse.  It  is  intermediate  between 
adenoid-tissue  and  ordinary  connective-tissue,  and  may  perhaps  be 
described  as  forming  a  loose  somewhat  open  sponge-work  rather 
than  a  network. 

Lying  loose  in  the  meshes  of  this  peculiar  reticular  connective- 
tissue,  both  in  the  villi  and  elsewhere,  are  seen  bodies  having  the 
general  characters  of  white  blood  corpuscles  (see  §  31),  wliich, 
though  they  are  probably  not  all  of  the  same  kind,  we  may  speak 
of  under  the  term  of  leucocytes.  Sometimes  these  are  scanty 
but  often  are  very  numerous.  This  reticular  connective-tissue 
forms  in  fact  a  labyrinth  of  irregular  passages  which  are  occupied 
by  fluid  but  through  which  leucocytes  can  wander  to  and  fra 
We  shall  later  on  point  out  that  this  labvrinth  of  passages  is 
associated  in  a  particular  manner  with  the  lymphatic  vessels  and 
that  the  fluid  occupying  the  spaces  is  in  reality  lymph.  Indeed 
this  tissue  ought  perhaps  to  be  regarded  as  part  of  the  lymphatic 
system. 

The  basement  membrane  spoken  of  above  appears  to  be  formed 
largely,  at  least  over  the  villi,  by  the  expanded  ends  of  fibres  of 
the  reticulum  which  reaching  the  surface  from  below  spread  out 
laterally  beneath  the  epithehum,  and  being  joined  by  a  certain 
number  of  cells  lying  flat  on  the  surface,  form  together  a  sheet 
which  is  not  continuous  but  discontinuous,  being;  broken  by 
openings  through  which  the  bases  of  the  cells  of  the  epithelium 
are  brought  into  contact  with  the  fluid  occupying  the  spaces  of  the 
reticulum  below. 
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§  260.  The  Villi,  The  villi  vary  in  size  and  form  in  different 
axiinials,  and  in  different  parts  of  the  intestine  in  the  same 
Animal;  each  villus  moreover  varies  in  form  at  different  times; 
they  may  be  generally  described  as  having  the  shape  of  a  flattened 
:er  but  are  frequently  broader  at  the  free  end  than  at  the 
;  they  have,  in  man,  a  length  of  about  I  mm.  and  a  breadth 
of  from  '2  nmi.  to  '5  mm. 

Each  villus  consists  of  a  body  of  reticular  tissue,  the  outer 
surface  forming,  as  explained  above,  a  basement  membrane,  which 
is  covered  by  a  single  layer  of  epithelium  cells.  Two  kinds  of 
cells,  that  is  cells  presenting  two  sets  of  characters,  make  up  this 
singfle  layer  of  epithelium. 

One  kind  is  a  columnar  or  conical  cell,  with  its  broader  end 

forming  part  of  the  free  surface  of  the  villus,  and  its  narrower  end 

testing  on  or  filling  up  a  gap  in  the  basement  membrane.     The 

greater  part  of  the  cell-boay  is  formed  of  the  kind  of  'granular' 

cell  substance  spoken  of  as  protoplasmic,  but  differs  in  appearance 

and    condition   according   to   circumstances;   these  variations  we 

8hall  study  separately.     An  oval  nucleus  is  placed  vertically  at 

about  the  lower  third  of  the  cell.     At  the  free  border  of  each  cell 

the    granular  cell-substance  changes  to  a  narrow  band  of  clear 

hyaline  refractive  material  marked,  in  many  prepared  specimens 

and  often  even  in  the  fresh  state,  with  fine  vertical  lines  so  as  to 

appear  striated  vertically  or  rather  radially;    in  a  section  of  a 

^lus,  optical  or  actual,  the  whole  villus  seems  to  be  surrounded 

hy  a,  band  of  this  clear  refractive  material. 

A  ciliated  epithelium  bears,  as  we  have  seen  (§  93),  a  similar 

hyaline  refractive  border  from  which  the  cilia  project  and  with  which 

they  are  connected,  but  which  does  not  share  in  the  movements  of 

the    cilia  belonging   to   it,  remaining   unchanged   in  form  while 

these  are  moving;  its  exact  nature  is  at  present  uncertain.     The 

refriactive  border  of  a  columnar  cell  of  a  villus  differs  from  the 

8*^ilar  border  of  a  ciliated  cell  in  that  on  the  one  hand  it  never,  in 

vertebrates,  bears  cilia,  and  on  the  other  hand  does  under  certain 

^^^^umstances  change  its  form.     The  striation  spoken  of  above 

spears  to  be  due  to  the  fact  that  the  border  is  composed  of  a 

nuitil)er  of  rods  imbedded  side  by  side  in  a  substance  which  is 

sotxietimes  of  the  same  refractive  power  as  the  rods,  in  which  case 

the  whole  border  appears  homogeneous,  but  which  is  sometimes  of 

™ferent  refractive  power,  in  which  case  the  striation  is  distinct. 

T^e  rods,  which  are  thought  by  some  to  be  hyaline  processes  of 

the  underlying  cell-substance  projecting  into  the  above-mentioned 

cement-substance,  are  sometimes  long  and  thin,  sometimes  short 

^d  thick,  the  whole  border  being  in  the  former  case  nanow,  in  the 

latter  broad.     Under  the  influence  of  reagents  or  of  circumstances 

the  one  condition  may  change  into  the  other,  and  the  change 

seems  to  be  an  active  not  a  passive  process,  since  it  will  only  take 

place  so  long  as  the  cells  are  alive.     This  refractive  border  of  the 
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columnar  cell  of  a  villus  is  obviously  a  peculiar  and  presumably  ai 
important  structure. 

§  261.  Mixed  in  vanring  proportion  with  the  columnar  ceUi 
possessing  this  characteristic  hvaline  border,  are  cells  of  anothei 
kind,  the  goblet  cells.  These  are  essentially  mucous  cells;  in  all  thei] 
important  characters  they  resemble  the  mucous  cells  previousli 
described  (§  235),  but  receive  their  special  name  because  in  shape 
they  usually  resemble  a  goblet  or  flaslL  In  a  hardened  and  preparec 
specimen  of  a  villus  numerous  goblet  cells  mav  be  seen  scattered 
among  and  surrounded  by  columnar  cells.  Eacli  goblet  cell  has  s 
base,  often  irregular  and  sometimes  branched,  lying  on  or  near  the 
basement  memorane,  and  a  top  which  reaches  the  surface  of  the 
villus  between  the  refractive  borders  of  the  neighbouring  colunmai 
cells.  Near  the  base  is  placed  a  nucleus,  generally  disc-shaped,  owing 
to  the  action  of  the  rea^nt,  surrounded  by  a  small  quantity  oi 
staining  protoplasmic  cell-substance.  Above  this  the  cell  consists 
of  a  mass  of  transparent  mucin,  h'ing  in  the  meshes  of  a  delicate 
reticulum,  and  surrounded  by  a  thm  layer  or  envelope  which  is 
prolonged  upwards  from  the  cell-substance  below,  and  which  on  the 
top  or  free  surface  of  the  cell  usually  bears  a  distinct  round  orifice 
or  mouth.  The  upper  part  of  the  cell  is  consequently  a  sort  of  cup 
filled  with  mucin  (and  reticulum)  and  opening  into  the  interior  of 
the  intestine  by  a  somewhat  narrow  mouth,  through  which  the 
mucin  in  due  time  escapes. 

In  a  villus  examined  quite  fi^esh  in  normal  saline  solution  some 
of  these  goblet  cells  may  be  observed  in  a  condition  which  has 
been  described,  §  235,  as  the  normal  condition  of  a  mucous  celL 
The  cell  is  then  cylindrical  or  oval  rather  than  distinctly  flask- 
shaped,  and  the  upper  part  of  the  cell  consists  of  cell-substance 
stuaded  with  granules  and  spherules,  the  transparent  mucin  being 
absent  and  the  mouth  not  visible.  But  in  perfectly  fr-esh  villi, 
studied  under  even  the  most  favourable  conditions,  many  if  not  most 
of  the  goblet  cells  will  be  seen  to  have  become  goblet  shaped,  to 
have  already  undergone  the  transformation  into  transparent  mucin 
and  reticulum,  and  to  have  acquired  a  mouth.  In  such  cases  the 
clear  transparent  body  of  a  goblet  cell  stands  out  in  strong  contrast 
with  the  more  dim  granular  bodies  of  the  columnar  cells  which 
surround  it,  both  when  they  are  seen  on  their  side  and  when  they 
are  looked  at  from  above.  In  the  latter  case  when  the  microscope 
is  focussed  for  a  point  a  little  below  the  fi-ee  surface  of  the  villus, 
the  goblet  cells  look  like  round  clear  droplets  scattered  in  the  dim 
ground  formed  by  the  columnar  cella  A  similar  contrast  is  afforded 
by  prepared  specimens  stained  with  carmine  and  certain  other 
dyes,  which  leave  the  transparent  mucin  unstained.  Under  certain 
methods  or  conditions  of  hardening  however  and  with  certain  dyes, 
as  with  haematr)xylin,  the  mucin  may  stain  as  deeply  or  even  more 
deeply  than  its  surroundings. 

Obviously  these  goblet  cells  are  simply  mucous  cells  somewhat 
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Tnodified  by  reason  of  their  position.     They  are  not  hidden  in  the 
recesses  of  an  alveolus  like  salivary  mucous  cells,  they  do  not  form 
«t  lajer  by  themselves  like  the  gastric  mucous  cells,  but  are  scat- 
tered among  other  cells  carrying  on  important  functions.     Hence 
apparently  their  shape  of  a  goblet  and  their  well-defined  mouth. 
A.  g'oblet  cell  to  start  with  is  a  cell  of  a  more  or  less  columnar 
form  and  ordinary  protoplasmic  cell-substance.    The  cell-substance 
manuiactures  and  becomes  studded  with  granules  or  spherules 
which  very  speedily  give  rise  to  mucin,  the  cell  swollen  with  its 
load  assumes  a  goblet  shape,  and  the  formation  of  a  mouth  in  the 
space  between  the  converging  refractive  borders  of  neighbouring 
columnar  cells  assists  in  the  discharge  of  the  load. 

The  columnar  cells  of  the  villus  are,  as  we  shall  see,  chiefly 
occupied  in  the  reception  of  material  fix>m  the  intestine  into  the 
y>ody  of  the  villus ;  the  goblet  cells  are  chieflv  occupied  in  secreting 
into  the  interior  of  the  mtestine  mucin  and  possibly  some  of  the 
constituents  of  the  succus  entericus. 

Below  this  layer  of  columnar  and  goblet  cells  extends  the  thin 

^^asement  membrane,  above  which,  between  the  bases  of  the  other 

cells,  may  be  seen  small  cells,  that  is  to  say,  cells  with  a  relatively 

small  quantity  of  cell-substance  round  the  nucleus;  these  have 

^>cen  taken  to  be  reserve  or  replacement  cells.      But  at  times 

clearly  recognizable  leucocytes  may  be  seen  between  the  columnar 

^lls ;  these  have  probably  wandered  into  the  epithelium  from  the 

"ody  of  the  villus ;  and  it  may  be  that  some  of  the  small  cells  in 

question  are  of  an  allied  nature. 

§  262.     The  centre  or  rather  the  axis  of  the  body  of  the  villus 

^  occupied  by  a  club-shaped  space,  sometimes  bifurcate  or  even 

'^ranched  at  the  distal  end,  varying  indeed  a  great  deal  in  different 

^^inials.     This  is  the  central  lymphatic  space  or  *  lacteal  radicle,' 

*8   it  has  been  called,  which  may  be  filled  with  fatty  or  other 

''^terial,  or,  as  more  frequently  is  seen  in  hardened  preparations, 

^^y  be  empty  and  collapsed.     It  is  lined  with  epithelioid  plates, 

*^^  is  at  tne  base  of  tne  villus  continuous  with  the  lymphatic 

Passages  and  vessels  of  the  mucous  membrane.     It  will  be  con- 

^^tiient  to  defer  the  further  study  of  this  lymphatic  space  until 

^^  come  to  deal  vrith  the  lymphatics  generally. 

Between    this    lymph-space,    and    the    basement    membrane, 
generally  close  underneath  the  latter,  lies  a  fairly  close-set  net- 
work of  capillary  vessels,  especially  well  developed  towards  the 
npper  part  of  the  villus.     This  network  is  fed  by  generally  one 
small  artery  which  springing  from  the  arteries  of  the  submucous 
tigBue  splits  up  into  capillaries  towards  the  middle  of  the  villus ; 
and  the  blood  of  the  capillaries  passes  into  veins,  generally  two, 
which  in  a  similar  manner  pass  down  to  the  veins  of  the  submucous 
tissue. 

Between  the  basement  membrane  and  the  central  lymph-space, 
are  also  found  a  number  of  plain  muscular  fibres,  some  running 
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singly,  others  forming  small  bundles  of  two  or  three  fibres  abreast 
These  vary  much  in  number  and  disposition  in  diflFerent  animals 
Some  of  them  lie  close  under  and  end  in  the  basement  membrane 
others  lie  nearer  the  lymph-space,  to  which  in  some  animal 
they  form  a  sort  of  muscular  sheath.  These  fibres  belong  to  th< 
muscularis  mucosae ;  at  the  base  of  the  villus  the  fibres  of  th( 
muscularis  mucosae  take  an  upward  course,  passing  between  the 
adjacent  crypts  of  Lieberkiihn,  and  run  into  the  villus,  following 
most  commonly  a  longitudinal  but  sometimes  a  more  or  lest 
oblique  or  even  a  transverse  direction.  By  the  contraction  o1 
these  fibres  the  form  of  the  villus  can  be  changed ;  but  we  shall 
return  to  this  point  when  we  come  to  speak  of  the  absorption  oj 
digested  material  by  means  of  the  villi 

All  the  space  intervening  between  the  basement  membrane 
and  the  central  lymph-space  which  is  not  taken  up  by  the  blood 
vessels  and  the  muscular  fibres,  is  occupied  by  the  special  kind 
of  reticular  connective-tissue  described  above  (§  259),  the  meshes 
of  which  are  to  a  greater  or  less  extent  occupied  by  leucocytes 
On  the  outer  surface  of  the  body  of  the  villus  this  reticulai 
tissue  is  connected  with,  and  indeed  as  we  have  seen  forms 
the  basement  membrane;  in  the  centre  it  forms  around  the 
epithelioid  plates  of  the  lymph-space  the  walls  of  that  cavity, 
and  supplies  a  similar  bed  for  the  blood  capillaries;  the  fine 
connective  tissue  belonging  to  the  small  bundles  of  muscular 
fibres  is  continuous  with  it,  and  some  of  the  muscular  fibres 
seem  to  end  in  it;  to  it  also  is  attached  the  connective-tissue 
of  the  outer  walls  of  the  small  arteiy  and  veins.  The  body  of  the 
villus  is  in  fact  a  sponge  work  of  reticular  tissue  in  which  are 
excavated  the  lymph-space  and  the  blood  channels  with  their 
respective  linings,  into  which  the  plain  muscular  fibres  plunge, 
and  which  is  condensed  on  the  outside  into  a  basement  mem- 
brane. The  meshes  of  the  sponge  work  are  further  occupied,  as  we 
have  said,  with  leucocytes  or  with  nucleated  cells  of  an  allied  but 
different  nature;  hence  in  ordinary  stained  specimens,  not  specially 
prepared,  the  lymph-space  and  blood  channels  being  collapsed,  the 
whole  body  of  the  villus  appears  a  confused  mass  of  nuclei ;  there 
are  the  nuclei  of  the  muscular  fibres,  the  nuclei  of  the  epithelioid 
plates  of  the  lymph-space  and  capillaries  and  of  the  other  coats  of 
the  artery  and  veins,  the  nuclei  of  the  leucocytes  in  the  meshes, 
and  lastly  the  nuclei  belonging  to  the  reticular  tissue  itself 

The  thickness  of  the  body  of  the  villus,  that  is  to  say  the 
amount  of  reticular  and  of  tne  other  tissues  lying  between  the 
bases  of  the  epithelium  cells  and  the  central  lymph-space,  varies 
in  different  animals,  being  for  instance  considerable  in  the  dog  and 
small  in  the  rabbit ;  in  the  latter  animal  the  muscular  fibres  are 
very  scanty. 

§  263.  The  Crypts  or  Glands  of  Lieberkuhn.  These  are  found 
everywhere  along  the  whole  length  of  the  small  intestine  fix>m  the 
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immediate  vicinity  of  the  pylorus  to  the  ileocaecal  valve,  except 
immediately  underneath  each  villus,  and  in  the  spots  occupied  by 
the  lymphatic  follicles  of  which  we  shall  presently  speak.  The 
mucous  membrane  of  the  small  intestine  is  in  fact  to  a  very  large 
extent  made  up  of  a  number  of  these  short  tubular  glands  placed 
side  by  side  and  packed  closely  together,  though  not  so  closely  as 
the  somewhat  similarly  arranged  cardiac  glands  of  the  stomach ; 
these  glands  form  the  greater  part  of  the  thickness  of  the  intes- 
tinal mucous  membrane,  and  the  muscularis  mucosae  runs  in  a 
fiurly  even  line  at  some  little  distance  below  them,  that  is  outside 
their  blind  ends.  Each  gland  is  a  straight  or  nearly  straight  tube, 
rwely  dividing,  about  400 /x  long  and  70 /x  broad.  The  outline  is 
fwnished  by  a  very  distinct  basement  membrane,  in  which  nuclei 
ue  imbedded  at  intervals,  and  this  basement  membrane  is  lined 
with  a  single  layer  of  short  cubical  cells,  leaving  a  small  but  distinct 
lumen ;  the  cells  should  perhaps  be  rather  described  as  somewhat 
conical,  with  a  broader  base  at  the  basement  membrane  and  a 
^wint)wer  apex  abutting  on  the  lumen.  The  cell-body,  surrounding 
•somewhat  spherical  nucleus,  is  faintly  granular  except  for  a  hyaline 
fr^  border,  which  however  is  not  so  conspicuous  or  so  constant  as 
}u  the  columnar  cells  of  the  villi.  Similar  cells  cover  the  ridges 
intervening  between  adjacent  glands,  and  where  a  villus  comes 
pext  to  a  gland  the  short  cubical  cells  of  the  gland  may  be  traced 
^to  the  columnar  cells  of  the  villus,  the  hyaline  border  becoming 
Diore  marked  and  the  nucleus  becoming  oval.  Among  the  cubical 
^Us  of  the  gland  are  to  be  found,  in  varying  numbers,  goblet  cells 

Iuite  similar  to  those  of  the  villi.  It  sometimes  happens  that 
^g  the  preparation  of  a  specimen  the  whole  epithelium  is 
*hed  en  masse,  the  cells  being  much  more  adherent  to  each  other 
than  to  the  basement  membrane ;  in  such  a  case  the  features  of 
the  basement  membrane  are  well  seen. 

Outside  the  basement  membrane,  between  adjacent  glands  and 
httween  the  blind  ends  of  the  glands  and  the  underlying  muscu- 
lo mucosa>,  is  reticular  connective-tissue,  finer  and  more  truly 
l^ticular  than  that  of  the  villi;  it  is  perhaps  less  crowded  with 
J^ucocyt^s.  In  this  reticular  tissue  run,  encircling  the  glands, 
^pilkiy  blood  vessels  supplied  by  small  arteries  coming  from 
^he  submucous  tissue,  and  pouring  their  blood  into  corre- 
sponding veins,  and  with  this  reticular  tissue  lymphatics  are  con- 
nected. 

These  glands  of  lieberklihn  are  supposed  to  furnish  the  succus 
^litericus.  The  reasons  for  this  view  lie  in  their  tubular  form, 
^hich  is  that  of  many  secreting  glands,  in  their  lumen  being  too 
n^Tow  for  the  passage  of  food  into  it,  and  in  the  fact  that,  as  we 
^  see,  they  unlike  the  columnar  cells  of  the  villi  are  not 
^ncemed  in  the  absorption  of  fat ;  otherwise  there  are  no  definite 
fets  to  prove  that  the  cubical  cells  are  concerned  in  secretion  only 
or  that  they  may  not  absorb  matter  other  than  fat.     The  goblet 
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cells  in  these  glands  as  in  the  villi  certainly  secrete  mucus,  and  m 
secrete  also  some  of  the  constituents  of  the  succus  entericus. 

Besides  these  glands  properly  so  called,  that  is  to  say  invol 
tions  of  the  epithelial  (hypoblastic)  mucous  membrane,  there  a 
found  in  the  mucous  membrane  bodies  belonging  to  the  lymphai 
system  also  often  called  glands,  viz.  the  solitary  glands  and  i 
agminated  glands  or  patches  of  Peyer.  We  shall  speak  of  these 
Ijonphatic  follicles,  and  it  will  be  convenient  to  study  the 
sepw^tely  in  connection  with  the  lymphatic  system. 

§  264  Immediately  below  the  pylorus  in  man,  but  vaiyi 
somewhat  in  position  in  different  animals,  are  the  glands 
Brunner.  These  may  be  regarded  as  modifications  of  the  pyloi 
glands  of  the  stomach.  In  each  gland  a  duct,  lined  with  she 
columnar  epithelium  cells  leaving  a  distinct  lumen,  extends  sing 
for  some  distance,  and  piercing  the  muscularis  mucosae  divides 
the  submucous  tissue  into  a  number  of  tubes,  which  subdivide 
take  a  twisted  course  and  end  in  slight  enlargements  or  alveo 
The  cells  lining  both  the  branching  tubes  and  the  alveoli  a 
short  cubical  cells  with  an  indistinct  outline,  similar  to  but,  in 
fresh  condition,  more  distinctly  granular  than  the  cells  of  tl 
gastric  pyloric  glands.  Bundles  of  plain  muscular  fibres,  straggle 
from  the  muscularis  mucosae,  are  scattered  among  the  tubes. 

These  glands  of  Brunner  when  traced  back  to  the  stomach  a 
found  to  pass  gradually  into  the  pyloric  glands ;  traced  along  tl 
intestine  they  soon  disappear,  the  ducts  of  those  glands  whi( 
reach  into  the  duodenum  so  far  as  to  be  found  in  company  wi 
the  glands  of  Lieberkiihn  and  villi,  open  into  the  lumina  of  tl 
former. 

It  is  not  clear  that  any  special  purpose  is  served  by  the 
glands  of  Brunner ;  an  extract  of  the  glands  is  said  to  digest  fibr 
m  the  presence  of  acid. 

The  Large  Intestine, 

§  266.     The  general  plan  of  structure  of  the  large  intestine 
the  same  as  that  of  the  small  intestine,  the  salient   points 
distinction  being  the  absence  of  villi,  and  a  peculiar  arrangemei 
of  the  longitudinal  coat. 

Instead  of  being  uniformly  distributed  as  a  thin  layer  over  tl 
whole  circumference  of  the  tube  as  in  the  small  intestine,  tl 
longitudinal  coat  is  in  the  large  intestine  chiefly  gathered  up  in 
three  thickened  bands  or  bundles,  being  very  thin  elsewhei 
These  bands  moreover  are  shorter  than  what  may  be  called  tl 
natural  length  of  the  intestine,  so  that  the  tube  instead  of  being  i 
in  the  small  intestine  of  fairly  uniform  bore,  is  puckered  up  m' 
'sacculi'  more  or  less  divided  by  the  three  bands  into  groui 
of  three.  This  sacculated  arrangement  answers  much  the  san 
purpose  as  the  arrangement  of  valvulas  conniventes  in  the  smfi 
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intestine.     The  circular  muscular  layer  is  thicker  in  the  middle  or 
bellies  of  the  sacculi  than  at  the  puckers,  where  it  is  very  thin. 

The  villi  as  we  have  just  said  are  wholly  absent.     In  the  lower 
part  of  the  small  intestine  they  become  fewer  and  smaller,  and 
none  at  all  are  found  beyond  the  ileocaecal  valve.     An  increase  of 
surface  is  provided  by  longitudinal  ridges,  but  these  like  the  corre- 
sponding rugae  of  the  stomach  involve  the  whole  mucous  mem- 
brane, incluaing  part  of  the  submucous  tissue. 

The  glands  of  Lieberklihn  in  the  large  intestine  are  in  the 

main   like   those   of  the   small   intestine  but  larger  and   better 

developed,  being  both   deeper  and   broader,  and   owing  to   the 

absence  of  villi  are  more  easily  studied.     The  cells  of  the  glands 

Iwive  the  same  characters  as  m  the  small  intestine  except  that 

^be  hyaline   border  is  rarely  present;   goblet  cells  are   perhaps 

^ore  abundant  than  even  in  the  small  intestine,  especially  m 

®^tne  animals.    On  the  ridges  between  the  glands  the  cells  become 

monger  and  thinner,  and  the  hyaline  border,  frequently  striated, 

J^^^kes  its  appearance.     The  marked  development  of  these  glands 

^  the  large  mtestine  is  noteworthy  since,  as  we  shall  see,  absorp- 

^*on  of  material  and  not  the  secretion  of  digestive  juice  is  the 

?*^aracteristic  work   of  the  large  intestine.     It  can   scarcely   be 

^^^agined  that  absorption  takes  place  only  at  the  ridges  between 

*^c  glands  and  not  by  the  immensely  larger  amount  of  surface 

^Ilicn  is  presented  by  the  interiors  of  all  the  glands  together; 

^^t  if  these  glands  absorb  in  the  large  intestine,  they  probably 

in  the  same  way  in  the  small  intestine. 

Lymphatic  follicles  are  abundant  in  the  large  intestine,  the 
^cum  and  especially  the  appendix  vermiformis  being  crowded 
^^th  solitary  follicles.     The  patches  of  Peyer  are  absent. 

§  266.     The  Rectum,     As  the  sigmoid  flexure  passes  into  the 

'^tum  the  three  bands  of  the  longitudinal  muscular  coat  spread 

^,^t  and  become  once  more  a  uniform  layer ;  and  with  this  change 

^^  sacculation  disappears.     This  longitudinal  coat  is  continued  to 

^«  anus,  where  it  ends  abruptly.     The  circular  coat  at  its  termi- 

^^^tion  at  the  anus  is  developed  into  a  distinct  ring,  the  internal 

'^T^lincter. 

The  mucous  membrane  is  thrown  into  numerous  folds  or  ridges 

^^Viich  below  are  longitudinal  but  higher  up  oblique  or  even  trans- 

^^Tse  in  direction ;  to  permit  the  formation  of  these  folds,  which 

^^  obliterated  when  the  rectum  is  fully  distended,  the  submucous 

^^Bsue  is  more  abundant  and  more  loosely  developed  than  in  the 

^^st  of  the  intestine. 

Down  to  the  margin  of  the  anus  the  mucous  membrane  retains 
^He  characters  of  the  large  intestine,  glands  being  still  present ; 
^^  then  abruptly  puts  on  the  epiblastic   characters  of  the  epi- 
dermis.    The  rectum  has  a  special  nervous  supply,  but  of  this  we 
shall  speak  in  connection  with  the  movements  of  the  alimentary 
caoaL 

29—2 
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§  267.  From  its  entrance  into  the  mouth  until  such  remnant 
of  it  as  is  undigested  leaves  the  body,  the  food  is  continually 
subjected  to  movements  having  for  their  object  the  trituration  oi 
the  food  as  in  mastication,  or  its  more  complete  mixture  with  the 
digestive  juices,  or  its  forward  progress  through  the  alimentai]^ 
canal.  These  various  movements  may  briefly  be  considered  in 
detail. 

Mastication.  This  in  man  consists  chieflv  of  an  up  and  down 
movement  of  the  lower  jaw,  combined,  in  tne  grinding  action  oi 
the  molar  teeth,  with  a  certain  amount  of  lateral  and  fore-and-afi 
movement.  The  lower  jaw  is  raised  by  means  of  the  temporal, 
masseter,  and  internal  pterygoid  musclea  The  slighter  effort  or 
depression  brings  into  action  chiefly  the  digastric  muscle,  though 
the  mylohyoid  and  geniohyoid  probably  share  in  the  matter: 
Contraction  of  the  external  pterygoids  pulls  forward  the  condyles 
and  thrusts  the  lower  teeth  in  front  of  tne  upper.  Contraction  o* 
the  pterygoids  on  one  side  will  also  throw  the  teeth  on  to  th» 
opposite  side.  The  lower  horizontally  placed  fibres  of  the  temporal 
serve  to  retract  the  jaw. 

During  mastication  the  food  is  moved  to  and  fro,  and  roUec 
about  by  the  movements  of  the  tongue.  These  are  effected  by  th* 
muscles  of  that  organ  governed  by  the  hypoglossal  nerve. 

The  act  of  mastication  is  a  voluntary  one,  guided,  as  are  sc 
many  voluntary  acts,  not  only  by  muscular  sense  but  also  by  contact 
sensations.  The  motor  fibres  of  the  fifth  cranial  nerve  convey 
motor  impulses  from  the  brain  to  the  above-mentioned  muscles 
but  paralysis  of  the  sensory  fibres  of  the  same  nerve  renders 
mastication  difficult  by  depriving  the  will  of  the  aid  of  the  usual 
sensations. 

§  268.  Deglutition.  The  food  when  sufficiently  masticated  is, 
by  the  movements  of  the  tongue,  gathered  up  into  a  bolus  on  the 
middle  of  the  upper  surface  of  that  organ.  The  front  of  the 
tongue  being  raised — partly  by  its  intrinsic  muscles,  and  partly  by 
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tli^  styloglossus — the  bolus  is  thrust  back  between  the  tongue  and 
the    palate  through  the  anterior  pillars  of  the  fauces  or  isthmus 
fttvicium.     Immediately  before  it  arrives  there,  the  soft  palate  is 
^■aased  by  the  levator  palati,  and  so  brought  to  touch  the  posterior 
^»^a.ll   of  the   pharynx,  which,  by  the   contraction   of  the   upper 
Tnargin  of  the  superior  constrictor  of  the  pharynx,  bulges  some- 
what forward.     The  elevation  of  the  soft  palate  causes  a  distinct 
rise    of  pressure  in  the  nasal  chambers;  this  can  be  shewn  by 
introducing  a  water  manometer  into  one  nostril,  and  closing  the 
other  just   previous  to  swallowing.     By  the   contraction  of  the 
palato-pharjmgeal  muscles  which  lie  in  the  posterior  pillars  of  the 
fituces,  the  curved  edges  of  those  pillars  are  made  straight,  and 
thus  tend  to  meet  in  the  middle  line,  the  small  gap  between  them 
heing  filled  up  by  the  uvula.     Through  these   manoeuvres,  the 
entrance  into  the  posterior  nares  is  blocked,  while  the  soft  palate 
^s  formed  into  a  sloping  roof,  guiding  the  bolus  down  the  pharynx. 
^y  the  contraction  of  the  stylo-pharyngeus  and  palato-phar)nigeus, 
the  funnel-shaped  bag  of  the  pharynx  is  brought  up  to  meet  the 
descending  morsel,  very  much  as  a  glove  may  be  drawn  up  over 
the  finger. 

Meanwhile  in  the  larynx,  as  shewn  by  the  larjmgoscope,  the 
^lytenoid  cartilages  and  vocal  cords  are  approximated,  the  latter 
•^^ing  also  raised  so  that  they  come  very  near  to  the  false  vocal 
<^ords ;  and  the  cushion  at  the  base  of  the  epiglottis  covers  the  rima 

flottidis,  while  the  epiglottis  itself  is  depressed  over  the  larynx. 
'he  thyroid  cartilage  is  now,  by  the  action  of  the  laryngeal  muscles, 
suddenly  raised  up  behind  the  hyoid  bone,  and  thus  assists  the 
^pi^lottis  to  cover  the  glottis.     This  movement  of  the  thyroid  can 
^«sily  be  felt  on  the  outside.     Thus,  both  the  entrance  into  the 
Interior  nares  and  that  into  the  larynx  being  closed,  the  impulse 
^ven  to  the  bolus  by  the  tongue  can  have  no  other  eifect  than  to 
Pit>pel  it  beneath  the  sloping  soft  palate,  over  the  incline  formed 
^y  the  root  of  the  tongue  and  the  epiglottis.     The  palato-glossi  or 
^tistrictores  isthmi  faucium,  which  he  in  the  anterior  pillars  of 
^^^  fauces,  by  contracting,  close  the  door  behind  the  food  which 
^^^  passed  them. 

When  the  bolus  of  food  is  large,  it  is  received  by  the  middle 

^d  lower   constrictors   of    the    pharynx,   which,   contracting    in 

^uence  firom  above  downwards,  thrust  it  into  the  oesophagus, 

^ong  which  it  is  driven  by  a  similar  series  of  successive  con- 

^Rtctions   which  we   shall    speak   of    immediately  as    peristaltic 

^tion.     This  comparatively  slow  descent  of  the  food  from  the 

pharynx  into  the  stomach,  may  be  readily  seen  if  animals  with 

•ong  necks  such  as  horses  and  dogs  be  watched  while  swallowing. 

When  however  the  morsel  is  not  large  or  when  the  substance 

^Wallowed  is  liquid,  the  movement  of  the  back  part  of  the  tongue 

niay  be  suflScient  not  merely  to  introduce  the  food  into  the  grasp  of 

the  constrictors  of  the  pharynx,  but  even  to  propel  it  rapidly,  to 
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shoot  it  in  fact,  along  the  lax  oesophagus  before  the  muscles  of  tlw 
organ  have  time  to  contract.  In  such  a  mode  of  swallowing  th 
middle  and  lower  constrictors  take  little  or  no  part  in  driving  th 
food  onward,  though  they  and  the  oesophagus  appear  to  contrac 
from  above  downwards  after  the  food  has  passed  by  them,  as  if  t 
complete  the  act  and  to  ensure  that  nothing  has  been  left  behin< 
Deglutition  in  this  fashion  still  remains  possible  after  these  cor 
strictors  have  become  paralysed  by  section  of  their  motor  nerves. 

When  a  second  act  of  deglutition  succeeds  a  first  with  suff 
cient  rapidity,  the  nervous  changes  which  start  the  pharyngej 
movements  of  the  second  act  appear  to  inhibit  the  oesopnages 
movements  of  the  first  act;  and  when  swallowing  is  repeate 
rapidly  several  times  in  succession,  the  oesophagus  remains  quit 
and  lax  during  the  whole  time,  until  immediately  after  the  lai 
swallow,  when  a  peristaltic  movement  closes  the  series. 

When  the  stethoscope  is  applied  over  the  oesophagus,  f 
different  regions,  a  sound  is  heard  during  deglutition ;  sometime 
two  sounds  are  heard.  The  first  and  most  constant  is  coincidei 
with  the  passage  of  the  bolus,  and  is  due  to  this  and  to  tl 
muscular  sound  of  the  contracting  muscles.  The  later  and  leu 
constant  sound  appears  to  be  caused  by  a  quantity  of  air-bubbh 
with  which  the  bolus  was  entangled,  lodged  at  the  cardiac  end  i 
the  oesophagus,  being  forced  into  the  stomach  by  the  sequei 
peristaltic  contraction  of  the  oesophagus. 

It  will  be  seen,  from  what  has  been  said,  that  deglutitioi 
though  a  continuous  act,  may  be  regarded  as  divided  into  thrc 
stages.  The  first  stage  is  the  thrustmg  of  the  food  through  tl 
isthmus  faucium ;  thi^  may  be  either  of  long  or  short  duration 
The  second  stage  is  the  passage  through  the  upper  part  of  tl 
pharjmx.  Here  the  food  traverses  a  region  common  both  to  th 
food  and  to  respiration,  and  in  consequence  the  movement  is  i 
rapid  as  possible.  The  third  stage  is  the  descent  through  th 
grasp  of  the  constrictors.  Here  the  food  has  passed  the  resp 
ratory  orifice,  and  in  consequence  its  passage  again  becomes  con 
paratively  slow,  except  in  case  of  fluids  and  small  morsel 
when,  as  we  have  seen,  it  may  continue  to  be  rapid.  The  passag 
along  the  oesophagus  may  perhaps  be  regarded  as  constituting 
fourth  stage;  but  it  will  be  more  convenient  to  consider  th 
oesophageal  movements  by  themselves. 

The  first  stage  iq  this  complicated  process  is  imdoubtedly 
voluntary  act.  The  raising  of  the  soft  palate  and  the  approx 
mation  of  the  posterior  pillars  may  also  be,  at  times,  voluntar 
since  they  have  been  seen,  in  a  case  where  the  pharynx  was  lai 
bare  by  an  operation,  to  take  place  before  the  food  had  touche 
these  parts;  but  the  movement  may  take  place  without  an 
exercise  of  the  will  and  in  the  absence  of  consciousness.  Indeed  th 
second  stage  taken  as  a  whole,  though  some  of  the  earlier  con 
ponent  movements  are,  as  it  were,  on  the  borderland  between  th 
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volxantary  and  involuntary  kingdoms,  must  be  regarded  as  a  reflex 
act;.  The  third  and  last  stage,  whatever  be  the  exact  fonn  which 
it  tiakes,  is  undoubtedly  reflex;  the  will  has  no  power  whatever 
ovor  it,  and  can  neither  originate,  stop,  nor  modify  it. 

Deglutition  in  fact  as  a  whole  is  a  reflex  act ;  it  cannot  take 
plci^e  unless  some  stimulus  be  applied  to  the  mucous  membrane  of 
th^  fauce&  When  we  voluntarily  bring  about  swallowing  move- 
ments with  the  mouth  empty,  we  supply  the  necessary  stimulus 
by  forcing  with  the  tongue  a  small  quantity  of  saliva  into  the 
&xxce8,  or  by  touching  the  fauces  with  the  tongue  itself. 

In  the  reflex  act  of  deglutition,  caused  in  the  ordinary  way  by 
tl^o  food  coming  in  contact  with  the  fauces,  the  afferent  impulses 
originated  in  the  fauces  are  carried  up  to  the  nervous  centre  by 
t]k^  glosso-pharyngeal  nerve,  by  branches  of  the  fifth,  and  by  the 
ph^tryngeal  branches  of  the  superior  laryngeal  division  of  the 
v^gnis.  The  latter  seem  of  special  importance,  since  the  act  of 
8^'^^lowing,  quite  apart  from  the  presence  of  food  in  the  mouth, 
^^Ly  be  brought  out  by  centripetal  stimulation  of  the  superior 
Ifi^i^^mgeal  nerve.  The  efiTerent  impulses  descend  the  hypoglossal 
to  the  muscles  of  the  tongue,  and  pass  down  the  glosso-pharyngeal, 
tti.^  vagus  through  the  pharyngeal  plexus,  the  fifth,  and  the  spinal 
*ciocssory,  to  the  muscles  of  the  fauces  and  pharynx :  their  exact 
P^ths  being  as  yet  not  fully  known,  and  probably  varying  in 
Afferent  animals.  The  laryngeal  muscles  are  governed  by  the 
'^^■■3aigeal  branches  of  the  vagus. 

The  centre  of  the  reflex  act  lies  in  the  medulla  oblon^ta. 

^^glutition  can  be  excited,  by  tickling  the  fauces,  in  an  ammal 

'^Xidered   unconscious  by  removal    of   the    brain,   provided  the 

p^^i<lulla  be   left.     If  the   medulla  be   destroyed,   deglutition   is 

"*^ possible.     The  centre  for  deglutition  lies  higher  up  than  that 

^^     respiration,  so  that  in  diseases  or  injuries  involving  the  upper 

P^-^i;  of  the  medulla  oblongata  the  former  act  may  be  impaired 

9^     rendered  impossible  while  the  latter  remains  untouched.     It 

*^?^JQ  been  said  to  form  part  of  the  superior  olivary  bodies,  but 

^*^is  view  is  based  on  anatomical  grounds  only.     We  shall  have 

^''^    deal  with  this  and  similar  matters  in  treating  of  the  central 

^^iTous  system.     It  is  probable  that,  as  is  the  case  in  so  many 

^^ter  reflex  acts,  the  whole  movement  can  be  called  forth  by 

'^imuli  affecting  the  centre  directly,  and  not  acting  on  the  usual 

EfiTerent  nerves. 

§  269.  Peristaltic  movements.  Putting  aside  the  somewhat 
implicated  phar3mgeal  part  of  deglutition,  and  taking  the  oeso- 
pliageal  movements  by  themselves  we  find  that  these,  together 
with  the  movements  of  the  stomach,  and  of  the  small  and  large 
btestines  right  down  to  the  anus  are  more  or  less  alike,  and  may 
be  described  under  the  general  name  of  *  peristaltic  *  movements. 
We  have  already  in  §  92,  spoken  of  these,  but  it  may  be  well  to 
consider  them  briefly  again  under  a  general  aspect,  before  dwelling 
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on  the  special  movements  of  the  several  parts  of  the  alimentary 
canal. 

The  muscular  coat  of  the  alimentary  canal  consists  as  we  have 
seen  of  two  layers,  separated  more  or  less  distinctly  by  a  sheet  of 
connective  tissue,  an  outer  thinner  longitudinal  layer,  and  an 
inner  thicker  circular  layer;  and  a  similar  arrangement  obtains  in 
nearly  all  the  muscular  hollow  tubes  of  the  body,  except  the 
arteries,  in  which  the  muscular  elements  are  present  not  so  much 
for  the  purpose  of  driving  the  blood  onward  as  for  the  sake  of 
regulating  the  irrigation. 

The  action  of  the  circular  coat  is  fairly  simple.  A  contraction 
starting  at  any  part  travels  onwards  in  the  same  direction,  generally 
downwards,  that  is  to  say  from  a  part  nearer  the  mouth  to  a  part 
nearer  the  rectum,  for  a  greater  or  less  distance,  the  circularly 
disposed  bundles  contracting  in  sequence.  The  result  is  a 
narrowing  or  constriction  of  the  tube  which,  travelling  more  or 
less  slowly  along  the  tube,  drives  the  contents  onwards ;  when  a 
butcher  empties  the  intestine  of  a  slaughtered  animal  by  squeezing 
it  high  up  with  his  hand  or  with  his  thumb  and  finger,  and  carrying 
the  squeezing  action  downwards  along  the  length  of  the  intestine, 
he  makes  the  passive  intestine  do  very  much  what  the  circular 
coat  does  actively,  by  contraction,  in  the  living  animal. 

The  action  of  the  longitudinal  coat  is  perhaps  not  so  clear; 
but  a  contraction  of  the  longitudinal  coat  taking  place  in  any 
segment  of  the  tube  would  tend  to  draw  the  tube  over  the  contents 
lymg  immediately  above,  or  below,  the  segment,  very  much  as  a 
glove  is  drawn  over  a  finger.  And  a  succession  of  such  contractions 
travelling  along  the  tube  would  lead  to  a  movement  of  the  contents 
in  the  same  direction.  Were  the  circular  coat  absent  a  longitudinal 
coat  might  by  itself  possibly  suflSce  to  propel  the  contents  along  the 
tube.  In  the  presence  of  the  circular  coat,  the  action  of  the  longi- 
tudinal coat  in  any  segment  of  the  tube,  if  taking  place  immediately 
before  the  circular  contraction  would,  by  filling  the  segment  with 
contents,  render  the  squeezing  action  of  the  circular  coat  more 
efficient ;  if  taking  place  immediately  after  the  circular  contraction, 
it  would  help  in  quickening  the  return  of  the  tube  to  its  normal 
calibre,  for  the  contraction  of  the  longitudinal  coat  tends  to  shorten 
and  widen  the  segment,  and  thus  would  prepare  it  for  new  con- 
tents. We  can  hardly  imagine  that  the  two  coats  would  contract 
at  the  same  time,  since  they  would  tend  to  neutralize  each  other's 
action.  Indeed  we  may  probably  go  farther  and  assume  that  in 
each  segment  of  the  canal  first  the  longitudinal  coat  contracts  while 
the  circular  coat  is  relaxed,  and  that  then  the  circular  coat  contracts 
while  the  longitudinal  relaxes.  When  we  come  to  deal  with 
respiration  we  shall  meet  with  a  similar  double  antagonistic  and 
successive  action  between  inspiratory  and  expiratory  muscles ;  we 
shall  further  see  reason  to  tnink  that  the  processes  which  start 
the  expirator)'  act  tend  to  check  or  inhibit  the  inspiratory  act 
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and  vice  versA;  and  very  possibly  a  like  see-saw  of  stimulation  and 
inhibition  obtains  in  the  muscles  of  the  alimentary  canal. 

It  must  be  remembered  that  the  circular  coat  is  always  much 
thicker  than  the  lon^tudinal  coat;  and  we  may  infer  that  while 
th^  chief  work  of  driving  the  contents  onward  falls  on  the  former 
the  latter  assists  the  work,  either  in  the  way  which  we  have 
wig^gested  or  in  some  other  way. 

In  the  small  intestine  the  tube  is  hung  loosely  and  much 
tiristed  so  that  many  loops  are  formed ;  the  contents  moreover  are 
larg-ely  fluid.  Hence  the  steady  onward  movement,  such  as  is  seen 
whon  more  solid  contents  pass  along  the  straight  and  somewhat 
finiily  attached  oesophagus,  is  complicated  by  movements  due  to  a 
loop  being  projected  forward  by  the  entrance  of  fluid  from  above,  or 
being  dragged  down  by  the  weight  of  its  new  contents,  or,  on  the 
other  hand,  due  to  a  loop  being  retracted  by  the  driving  onward  of 
its  contents  and  the  emptying  of  itself,  and  the  like.  In  this  way 
a  peculiar  writhing  movement  of  the  bowel  is  brought  about,  and 
the  phrase  '  peristaltic  movement '  is  generally  used  to  denote  this 
tota.1  effect  of  the  contraction  of  the  muscular  coats;  it  will 
ha^rever  be  best  to  restrict  the  meaning  to  the  progressive 
contraction  of  the  circular  coat  assisted,  in  most  cases,  by  a  similar 
progressive  contraction  of  the  longitudinal  coat. 

^  §  270.  Movements  of  the  (Esophagus,  These  as  we  have  just 
^^id  are  fairly  simple.  The  circular  contraction  begun  by  the 
^iistrictors  of  the  pharynx  is  continued  along  the  circular  coat  of 
the  cBsophagus  and  assisted  by  an  accompanying  contraction  of  the 
longritudinaT  coat,  the  direction  being  always,  save  in  the  abnormal 
action  of  vomiting,  from  above  downwards. 

It  will  be  remembered  (§  222)  that  the  muscular  bundles  of 
*h^  cesophagus  are  composed  of  striated  fibres  in  the  upper  part, 
^^  of  plain  unstriated  fibre-cells  in  the  lower  part,  the  transition 
<^Upying  a  different  level  in  different  animals.  Nevertheless,  as 
^  as  the  peristaltic  movement  is  concerned,  the  two  kinds  of 
fil>tx;8  behave  in  the  same  way  except  that  the  peristaltic  wave  if 
^^  may  so  call  it  travels  more  rapidly  in  the  striated  region. 

These  peristaltic  movements  of  the  oesophagus  may,  like  those 
^f  the  intestine,  be  seen  after  removal  of  the  organ  from  the  body ; 
^d   indeed   may  continue   to  appear  upon   stimulation,  for  an 
^uusual  length  of  time.     They  may  therefore  be  carried  out  by 
the  muscular  elements,  with  or  without  the  help  of  the  nervous 
^fetnents  embedded  in  them,  apart  from  any  action  of  the  central 
iiervous  system.     Nevertheless,  in   the   living  body,   the  move- 
ments of  the  oesophagus  seem  to  be  in  a  special  way  dependent 
^^  the  central  nervous  system ;  the  contractions  are  not  started 
^d  carried  out  by  the  walls  of  the  tube  alone  and  so  transmitted 
from  section  to  section  in  the  walls  of  the  tube  itself;  but  afferent 
impulses  started   in  the   phar}nix   and  psussing   to   the   medulla 
oblongata,  give  rise  to  reflex  efferent  impulses  which  descend  along 
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nervous  tracts  to  successive  portions  of  the  organ.  If  the  oesophafi^i 
be  cut  across  some  way  down,  or  if  a  portion  of  the  middle  regioi 
be  excised,  stimulation  of  the  pharynx  will  produce  a  peristaltic 
contraction,  which  travelling  downwards  will  not  stop  at  the  cui 
or  excision  but  will  be  continued  on  into  the  lower  disconnectec 
portion  by  means  of  the  central  nervous  system.  And  it  is  statec 
that  ordinary  peristaltic  contractions  of  the  lower  part  of  the 
oesophagus  can  be  readily  excited  by  stimulation  of  the  pharynx 
but  not  by  stimuli  applied  to  its  own  mucous  membrane.  Ir 
the  reflex  act  which  thus  brings  about  the  peristaltic  contractioi 
of  the  oesophagus  the  aflFerent  nerves  are  those  of  the  pharynx 
viz.  the  superior  laiyngeal  nerve  and  phaiyngeal  branches  oi 
the  vagus,  branches  of  the  fifth,  and  in  some  animals  at  leasl 
branches  of  the  glossopharyngeal,  but  chiefly  the  first;  anc 
oesophageal  movements  can  easily  be  excited  by  centripeta 
stimulation  of  the  superior  laryngeal.  The  centre  lies  in  the 
medulla  oblongata,  being  a  part  of  the  general  deglutition 
centre ;  and  the  efierent  impulses  pass  along  fibres  of  the  vagus 
reaching  the  upper  part  of  the  oesophagus  by  the  recurrent 
laryngeal  nerves  and  the  lower  part  through  the  oesophageal 
plexuses  of  the  vagus  (Fig.  70).  Section  of  the  trunk  of  the  vagu« 
renders  diflScult  the  passage  of  food  along  the  oesophagus,  and  sti- 
mulation of  the  peripheral  stump  causes  oesophageal  contractiona 

The  force  of  this  movement  in  the  oesophagus  is  considerable 
thus  in  the  dog  a  ball  pulling  by  means  of  a  pulley  against  s 
weight  of  250  grammes  has  been  found  to  be  readily  carried  down 
from  the  pharynx  to  the  stomach. 

At  the  junction  of  the  oesophagus  with  the  stomach  the  circulai 
fibres  usually  remain  in  a  more  or  less  permanent  condition  o: 
tonic  or  obscurely  rhythmic  contraction,  more  particularly  whei 
the   stomach  is  full  of  food,  and  thus  serve  as  a  sphincter  tc 

Prevent  the  return  of  food  from  the  stomach  into  the  oesophagus 
Tpon  the  arrival  of  the  bolus  of  food  at  the  end  of  the  oesophagus 
the  centre  for  this  sphincter  is  inhibited  and  the  orifice  is  wiut 
opened  up.  Possibly  the  patency  of  the  orifice  is  still  furthei 
secured  by  a  contraction  of  the  longitudinal  muscular  fibres  whicl 
radiate  from  the  end  of  the  oesophagus  over  the  stomach. 

§  271.  Movements  of  the  Stomach,  While  the  object  of  the 
oesophageal  movement  is  simply  to  cany^  the  swallowed  bolus  wit! 
all  due  speed  to  the  stomach,  and  while  the  intestinal  movemeni 
has,  in  like  manner,  simply  to  carry  the  intestinal  (X)ntenti 
onward,  the  twisted  course  of  the  looped  path  ensuring  all  th< 
mixing  of  the  constituents  of  the  contents  that  may  be  necessary 
the  movements  of  the  stomach  have  a  double  object :  on  the  on< 
hand  to  provide  an  adequate  exposure  of  the  contents  of  th< 
dilated  chamber  to  the  influence  of  the  gastric  juice,  and  on  th( 
other  to  propel  the  partially  digested  food,  when  ready,  into  th« 
duodenum.     We   may  accordingly  distinguish  between  what  W( 
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n^«^j  call  the  "  churning  "  and  the  "  propulsive  "  movements  of  the 
sbomach. 

When  the  stomach  is  empty  all  the  muscular  fibres  as  we  have 
id,  longitudinal,  circular  and  oblique,  fall  into  a  condition  which 
v^  may  perhaps  speak  of  as  an  obscure  tonic  contraction.  The 
^Ixole  stomach  is  small  and  contracted,  its  cavity  is  nearly  obli- 
t€?x"^ted,  and  the  mucous  membrane,  owing  to  the  predominance 
of*  the  circular  coat,  is  like  the  lining  membrane  of  an  empty  artery, 
tIx:K-own  into  longitudinal  folds.  As  more  and  more  food  enters 
tt^^  stomach  all  the  coats  become  relaxed,  with  the  exception  of 
tti.^  pyloric  sphincter,  which  remains  at  first  permanently  closed, 
ajci.c3  the  less  marked  cardiac  sphincter,  which  merely  relaxes  from 
^^^ixie  to  time  at  each  act  of  swallowing.  No  sooner  however  do 
ttx^  coats  thus  become  relaxed  than  they  set  up  obscure  rhythmical 
P^XTfitaltic  contractions,  giving  rise  to  tne  "  churning  "  movements. 
I'lxese  movements  have  been  described  as  of  such  a  kind  that 
tfcfc.^  contents  flow  in  a  main  current  from  the  cardia  along  the 
g^^^iater  curvature  to  the  pylorus,  and  back  to  the  cardia  along 
tfcfce  lesser  curvature,  subsidiary  currents  mixing  the  peripheml 
Poxl-ions  of  the  contents  with  the  more  central ;  it  may  be  doubted 
io'vrever  whether  any  such  regularity  of  flow  is  marked  or  constant, 
^■^ci  it  is  not  easy  to  see  by  what  combination  and  sequence  of 
coxiitractions  in  the  three  coats,  longitudinal,  circular  and  oblique, 
sticih  a  regular  flow  can  be  produced.  But  in  any  case,  by  such 
't^ythmicfiS  contractions  the  food  and  gastric  juice  are  rolled  about 
mixed  together.  These  churning  movements  are  feeble  at 
tt,  even  though  the  stomach  be  filled  and  distended  by  a  large 
n^^^l  rapidly  eaten ;  they  become  more  and  more  pronounced  as 
fi^'estion  proceeds. 

Before    digestion    has    proceeded   very   far   the   *  propulsive ' 

n^ovements  begin.     These  occur  at  intervals,  and  are  repeated  at 

"■^st  slowly  but  afterwards  more  rapidly.     Each  movement  consists 

^^    »  contraction  of  the  circular  muscular  fibres  more  powerful  than 

^■^y  taking  part  in  the  churning  movements,  and  leading  to  a  circular 

c^x^triction  which,  beginning  apparently  at  about  the  obscurely 

defined  groove  which  marks  the  beginning  of  the  antrum  pylori, 

**^vels  down  towards  the  pylorus,  propelling  the  food   onward. 

^^^  movement  is  accompanied  or  rather  preceded  by  a  relaxation 

^^»  that  is  to  say  in  all  probability  an  inhibition  of  the  permanent 

^^txtiaction  of,  the  sphincter  pylori  itself,  in  order  that  the  gastric 

^^Xitents  may  pass  into  the  duodenum.    But  the  occurrence  of  this 

^laxation  is  determined  by  the  nature  of  the  gastric  contents;  for  if 

^^e  propulsive  movement  drives  large  undigested  pieces  towards 

the  pylorus,  the  sphincter  is  apt  to  close  again,  the  result  of  which 

^  that  the  undigested  morsels  are  carried  back  into  the  main 

^Y  of  the  stomach. 

The  combined  effect  then  of  the  churning  and  of  the  propulsive 
DQovements  is,  after  a  certain  part  of  the  meal  has  been  reduced  to 
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a  thick  fluid  condition  somewhat  resembling  pea  soup  and  often 
called  chyme,  to  strain  oflf  this  more  fluid  part  into  the  duodenum, 
and  to  submit  the  remaining  still  solid  pieces  to  the  further  action 
of  the  gastric  juice. 

As  digestion  proceeds,  more  and  more  material  leaves  the 
stomach,  which  is  thus  gradually  emptied,  the  last  portions  which 
are  earned  through  being  those  parts  of  the  food  which  are  least 
digestible,  and  any  wholly  indigestible  foreign  bodies  which  happen 
to  have  been  swallowed ;  the  latter  may  perhaps  never  leave  the 
stomach  at  all.  The  presence  of  food  leads  to  the  development  of 
the  movements;  but  evidently  it  is  not  the  mere  mechanical 
repletion  of  the  organ  which  is  the  cause  of  the  movements,  since 
the  stomach  is  fullest  at  the  beginning  when  the  movements  are 
slight,  and  becomes  emptier  as  they  grow  more  forcible.  The 
one  thing  which  does  increase  pari  passu  with  the  movements 
is  the  acidity,  which  is  at  a  minimum  when  the  (generally  alkaline) 
food  has  been  swallowed,  and  increases  steadily  onwaros.  It  has 
not  however  been  definitely  shewn  that  the  increasing  acidity  is 
the  efficient  stimulus,  giving  rise  to  the  movements. 

The  movements  of  even  a  full  stomach  are  said  to  cease  during 
sleep.  The  nervous  mechanism  of  the  gastric  movements  haa 
better  be  considered  in  connection  with  that  of  the  intestinal 
movements. 

§  272  Vomiting.  In  a  conscious  individual  this  act  is  preceded 
by  feelings  of  nausea,  during  which  a  copious  flow  of  saliva  into  the 
mouth  takes  place.  This  being  swallowed  carries  down  with  it  a 
certain  quantity  of  air,  the  presence  of  which  in  the  stomach, 
by  assisting  in  the  opening  of  the  cardiac  sphincter,  subsequently 
facilitates  the  discharge  of  the  gastric  contents.  The  nausea  is 
generally  succeeded  at  first  by  ineffectual  retching  in  which  a  deep 
inspiratory  effort  is  made,  so  that  the  diaphragm  is  thrust  down  as 
low  as  possible  against  the  stomach,  the  lower  ribs  being  at 
the  same  time  forcibly  drawn  in;  since  during  this  inspiratory 
effort  the  glottis  is  kept  closed,  no  air  can  enter  into  the  lungs ; 
but  some  is  drawn  into  the  pharynx,  and  thence  probably  descends 
by  a  swallowing  action  into  the  stomach.  When  retching  passes 
on  to  actual  vomiting  this  inspiratory  effort  is  succeeded  by  a 
sudden  violent  expiratory  contraction  of  the  abdominal  walls,  the 
glottis  still  being  closed,  so  that  the  whole  force  of  the  effort  is 
spent,  as  we  shall  see  it  is  in  defaecation,  in  pressure  on  the 
abdominal  contents.  The  stomach  is  therefore  forcibly  compressed 
from  without.  At  the  same  time,  or  rather  immediately  before 
the  expiratory  effort,  by  a  contraction  of  its  longitudinal  fibres 
the  oe.sophagus  is  shortened  and  the  cardiac  orifice  of  the  stomach 
brought  close  under  the  diaphragm,  while  apparently  by  an 
inhibition  of  the  circular  sphincter,  aided  perhaps  by  a  contraction 
of  the  fibres  which  radiate  from  the  end  of  the  oesophagus  over 
the   stomach,  the   cardiac   orifice,   which   is   normally   closed,  is 
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somewhat  suddenly  dilated.     This  dilation  opens  a  way  for  the 

contents  of  the  stomach,  which,  pressed  upon  by  the  contraction 

of  the  abdomen,  and  to  a  certain  but  probably  only  to  a  slight 

extent  by  the  contraction  of  the  gastric  walls,  are  driven  forcibly 

^p  the  j£sophagu&     The  mouth  being  widely  open,  and  the  neck 

stretched  to  afford  as  straight  a  course  as  possible,  the  vomit  is 

ejected  from  the  body.    At  this  moment  tnere  is  an  additional 

expiratory  effort  which  serves  to  prevent  the  vomit  passing  into 

the  larynx.     In  most  cases  too  the  posterior  pillars  of  the  fauces 

are  approximated,  in  order  to  close  the  nasal  passage  against  the 

ascending  stream.     This  however  in  severe  vomiting  is  frequently 

ineffectaal 

Thus  in  vomiting  there  are  two  distinct  acts ;  the  dilation  of 
ttk^  cardiac  orifice  and  the  extrinsic  pressure  of  the  abdominal 
r^fcJls  in  an  expiratoiy  effort.  Without  the  former  the  latter,  even 
jrlx^n  distressingly  vigorous,  is  ineffectual.  Without  the  latter,  as 
ii^  iirari  poisoning,  the  intrinsic  movements  of  the  stomach  itself 
ar^^  rarely  suflScient  to  do  more  than  eject  gas,  and,  it  may  be,  a 
v^ry  small  quantity  of  food  or  fluid.  Pyrosis  or  waterbrash  is 
liO'^rever  probably  brought  about  by  this  intrinsic  action  of  the 
stomach. 

During  vomiting  the  pylorus  is  generally  closed,  so  that  but 
lititile  material  escapes  into  the  duodenum.  When  the  gall-bladder 
^  full,  a  copious  now  of  bile  into  the  duodenum  accompanies  the 
of  vomiting.  Part  of  this  may  find  its  way  into  the  stomach, 
in  bilious  vomiting,  the  pylorus  then  having  evidently  been 
ned. 

The  nervous  mechanism  of  vomiting  is  complicated  and  in 
ly  aspects  obscure.     The  efferent  impulses  which  cause  the 
^^^iratory  effort  must  come  from  the  respiratory  centre  in  the 
?^^^ulla ;  with  these  we  shall  deal  in  speaking  of  respiration.    The 
T^J-^tion  of  the  cardiac  orifice  is  caused,  in  part  at  least,  by  impulses 
,^^cending  the  vagi,  since  when  these  are  cut  real  vomiting  with 
v^^^charge  of  the  gastric  contents,  if  it  takes  place  at  all,  becomes 
^^-CScult  through  want  of  readiness  in  the  dilation.     Such  intrinsic 
^^^vements  of  the  stomach  as  do  take  place,  and  the  movements  of 
*^«  oesophagus  appear  to  be  carried  out  by  the  usual  nerves.     The 
^^erent  impulses  which  cause  the  flow  of  saliva  in  the  introductory 
^^usea  also  descend  along  the  usual  nerves  such  as  the  chorda 
^ympanL  These  various  impulses  may  best  be  considered  as  starting 
^m  a  vomiting  centre  in  the  medulla,  having  close  relations  with 
}he  respiratory  centre.    This  centre  may  be  excited,  may  be  thrown 
Uito  action,  in  a  reflex  manner,  by  stimuli  applied  to  peripheral 
nerves,  as  when  vomiting  is  induced  by  tickling  the  fauces,  or  by 
initation   of  the  gastric   membrane,   or  by   obstruction   of  the 
intestine  due  to  ligature,  hernia,  etc.     That  the  vomiting  in  the 
last  instance  is  due  to  nervous  action,  and  not  to  any  regurgita- 
tion of  the  intestinal  contents,  is  shewn  by  the  fact  that  it  will 
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take  place  when  the  intestine  is  perfectly  empty  and  may  be 
prevented  by  section  of  the  mesenteric  nerves.  The  vomiting 
attending  renal  and  biliary  calculi  is  apparently  also  reflex  in  origin. 
Vomiting  in  fact  as  a  rule  is  a  reflex  action,  the  aflferent  impulses 
passing  along  one  or  other  nerves,  but  most  frequently  along 
those  connected  with  the  alimentary  canal,  that  is  along  afferent 
fibres  running  in  the  vagus  or  in  the  splanchnic  nerves.  The 
centre  however  may  be  affected  directly,  as  probably  in  the  cases 
of  some  poisons,  and  in  some  instances  of  vomiting  from  disease 
of  the  medulla  oblongata.  Lastly,  it  may  be  thrown  into  action 
by  impulses  reaching  it  from  parts  of  the  brain  higher  up  than 
itself,  as  in  cases  of  vomiting  produced  by  smells,  tastes  or 
emotions,  or  by  the  recollection  of  past  events,  and  in  some  cases 
of  vomiting  due  to  cerebral  disease. 

Many  emetics,  such  as  tartar  emetic,  appear  to  act  directly  on 
the  centre,  since,  introduced  into  the  blood,  they  will  produce 
vomiting  after  a  bladder  has  been  substituted  for  the  whole 
stomach.  Others  again,  such  as  mustard  and  water,  act  in  a  re- 
flex manner  by  irritation  of  the  gastric  mucous  membrane.  With 
others,  again,  which  cause  vomiting  by  developing  a  nauseous 
taste,  the  action  involves  parts  of  the  brain  higher  than  the 
centre  itself 

§  273.  Movements  of  the  Small  Intestine,  These,  as  we  have 
already  said,  ai-e  the  typical  peristaltic  movements,  simple  except 
in  so  far  as  they  are  complicated  by  the  existence  of  the  pendent 
loops,  the  peculiar  oscillating  movements  of  which  appear  to  be 
produced  chiefly  by  the  longitudinal  fibres. 

The  peristaltic  movements,  as  a  rule,  take  place  from  above 
downwards,  and  a  wave  beginning  at  the  pylorus  may  be  traced 
a  long  way  down.  But  contractions  may,  and  in  all  probability 
occasionally  do,  begin  at  various  points  along  the  length  of  the 
intestine.  A  movement  started  by  artificial  stimulation  some 
way  down  the  intestine,  may  travel  not  only  downwards  but  also 
upwards;  it  has  been  disputed  however,  whether  in  the  living 
body  any  natural  backward  peristaltic  movement  really  takes 
place.  In  the  living  body  the  intestines  have  periods  of  rest, 
alternating  with  periods  of  activity,  the  occurrence  of  the  periods 
depending  on  various  circumstances ;  the  intensity  of  the  move- 
ments also  varies  very  considerably. 

§  274.  Movements  of  the  Large  Intestine.  These  are  funda- 
mentally the  same  as  those  of  the  small  intestine,  but  distinct  in 
so  far  as  the  latter  cease  at  the  ileo-csecal  valve,  at  which  spot  the 
former  normally  begin;  they  are  simpler,  in  as  much  as  the 
pendent  loops  are  absent,  and  not  so  vigorous,  since  relatively  to 
the  diameter  of  the  tube,  the  amount  of  muscular  fibre  is  less. 
Along  the  colon  where  the  sacculi  are  well  developed  (§  266)  the 
movement  may  perhaps  be  described  as  almost  intermittent  from 
sacculus  to  sacculus,  the  contents  of  one  sacculus  being  driven 
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by  the  peristaltic  contractions  of  its  circular  fibres  into  the  next 
sacculus,  which  prepares  to  receive  them  by  a  relaxation  of  its 
circular  and  a  contraction  of  its  longitudinal  fibres. 

Since  the  lips  of  the  ileo-caBcal  valve  are  placed  transversely 
across  the  csecum,  not  only  does  distension  of  the  caecum,  by 
stretching  the  valve  along  the  line  of  the  lips,  bring  them  into 
apposition,  but  the  pressure  exerted  by  the  peristaltic  movement 
has  the  same  effect.  In  this  way  any  return  of  the  contents  from 
the  large  to  the  small  intestine  is  prevented. 

Arrived  at  the  sigmoid  flexure,  the  contents,  now  more  or  less 
solid  feces,  are  supported  by  the  bladder  and  the  sacrum,  so  that 
they  do  not  press  on  the  sphincter  am. 

§  276.  befoecation.  This  is  a  mixed  act,  being  superficially 
the  result  of  an  effort  of  the  will,  and  yet  carried  out  by  means  of 
^  involuntary  mechanism.  Part  of  the  voluntary  effort  consists 
^  producing  a  pressure-effect,  by  means  of  the  abdominal  musclea 
These  are  contracted  forcibly  as  in  expiration,  but  the  glottis 
heing  closed  and  the  escape  of  air  from  the  lungs  prevented,  the 
whole  force  of  the  pressure  is  brought  to  bear  on  the  abdomen 
^t^lf,  and  so  drives  the  contents  of  the  descending  colon  onward 
towards  the  rectum.  The  sigmoid  flexure  is  by  its  position  sheltered 
"^na  this  pressure ;  a  body  introduced  per  anum  into  the  empty 
rectum  is  not  affected  by  even  forcible  contractions  of  the 
abdominal  walls. 

The  anus  is  guarded  by  the  sphincter  ani,  which  is  habitually 

^  a  state  of  normal  tonic  contraction,  capable  of  being  increased 

oj*  diminished  by  a  stimulus  applied,  either  internally  or  externally, 

to  the  anus.     The  tonic  contraction  is  in  part  at  least  due  to  the 

^tion  of  a  nervous  centre  situated  in  the  lumbar  spinal  cord.     If 

the  nervous  connection  of  the  sphincter  with  the  spinal  cord  be 

hroken,  relaxation   takes  place.     If  the   spinal   cord   be  divided 

sottiewhat    higher   up,   for    instance    in    the   dorsal   region,   the 

^Pnincter,  after  the  depressing  effect  of  the  operation,  which  may 

J^t  several  days,  has  passed  off,  regains  and  subsequently  main- 

1*^118  its  tonicity,  shewing  that  the  centre  is  not  placed  higher  up 

than  the  lumbar  region  of  the  cord.     The  increased  or  diminished 

contraction  following  on  local  stimulation  is  probably  due  to  reflex 

*^l?inentation  or  inhibition  of  the   action  of  this   centre.     The 

^Utre  is  also  subject  to  influences  proceeding  from  higher  regions 

?*  the  cord,  and   from  the   brain.     By  the   action   of  the   will, 

^y  emotions,  or  bv  other  nervous  events,  the   lumbar  sphincter 

^ntre  may  be  inhibited,  and  thus  the  sphincter  itself  relaxed ;  or 

^^gmented,  and  thus  the  sphincter  tightened.     A  second   item 

therefore  of  the  voluntary  process  in  defsecation  is  the  inhibition  of 

the  lumbar  sphincter  centre,  and  consequent  relaxation   of  the 

sphincter  muscle.     Since  the  lumbar  centre  may  remain  wholly 

efficient  when  separated   from   the   brain,  the   paralysis  of  the 

sphincter  which  occurs  in  certain  cerebral  diseases  is  probably  due 
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to  inhibition  of  this  lumbar  centre,  and  not  to  paralysis  of  any 
cerebral  centre. 

Thus  a  voluntary  contraction  of  the  abdominal  walls,  accom- 
panied by  a  relaxation  of  the  sphincter,  might  press  the  contents 
of  the  descending  colon  into  the  rectum  and  outsat  the  anus. 
Since  however,  as  we  have  seen,  the  pressure  of  the  abdominal 
walls  is  warded  off  the  sigmoid  flexure,  such  a  mode  of  defsecation 
would  always  end  in  leavmg  the  sigmoid  flexure  full.  Hence  the 
necessity  for  these  more  or  less  voluntary  acts  being  accompanied 
by  an  involuntary  augmentation  of  the  peristaltic  action  of  the 
large  intestine,  sigmoid  flexure  and  rectum. 

In  the  movements  of  the  rectum  we  can  trace  out  more 
distinctly  than  in  other  regions  of  the  alimentary  canal  the 
separate  actions  of  the  longitudinal  and  circular  fibres.  The 
former,  by  means  of  contractions  travelling  from  above  downwards, 
shorten  the  rectum,  and  since  the  anus  affords  a  more  or  less  fixed 
support  pull  the  rectum  and  its  contents  down;  the  latter,  by 
means  of  contractions  travelling  from  above  downwards  but  taking 
place  somewhat  later,  narrow  the  rectum  and  so  squeeze  the 
contents  onwards  and  outwards. 

Defsecation  then  appears  to  take  place  in  the  following  manner. 
The  large  intestine  and  sigmoid  flexure  becoming  more  and  more 
full,  stronger  and  stronger  peristaltic  action  is  excited  in  theii 
walla  By  this  means  the  faeces  are  driven  into  the  rectum  and 
so,  by  a  continuance  of  the  movements  increasing  in  vigour, 
against  the  sphincter.  Through  a  voluntary  act,  or  sometimes  at 
least  by  a  simple  reflex  action,  the  lumbar  sphincter  centre  is 
inhibited  and  the  sphincter  relaxed.  At  the  same  time  the 
contraction  of  the  abdominal  muscles  presses  firmly  on  the  descend- 
ing colon,  and  thus,  contractions  of  the  levator  ani  assisting,  the 
contents  of  the  rectum  are  ejected. 

It  must  however  be  remembered  that,  while  in  appealing  to 
our  own  consciousness,  the  contraction  of  the  abdominal  walls  and 
the  relaxation  of  the  sphincter  seem  purely  voluntary  efforts,  the 
whole  act  of  defalcation,  including  both  of  these  seemingly  so 
voluntary  components,  may  take  place  in  the  absence  of  conscious- 
ness, and  indeed,  in  the  case  of  the  dog  at  least,  after  the  complete 
severance  of  the  lumbar  from  the  dorsal  cord.  In  such  cases  the 
whole  act  must  be  purely  reflex,  excited  by  the  presence  of  faeces 
in  the  rectum. 

§  276.  The  nervous  mechanisms  of  gastric  and  intestinal 
movements.  Both  the  stomach  and  intestines  when  removed 
from  the  body  and  thus  wholly  separated  from  the  central  nervous 
system  may,  by  direct  stimulation,  be  readily  excited  to  move- 
ments; and  indeed  in  the  absence  of  all  obvious  stimuli,  movements 
which  seem  to  be  spontaneous  may  at  times  be  observed.  The 
movements  of  which  we  are  speaking  are  orderly  movements  of  a 
peristaltic  nature,  not  mere  local  contractions  of  a  few  bundles  of 
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plain  muscular  fibres.  The  alimentary  canal  therefore,  like  the 
heart,  though  to  a  less  degree,  possesses  within  itself  such 
mecha.iiisins  as  are  requisite  for  carrying  out  its  own  movements ; 
and,  SLS  in  the  case  of  the  heart,  there  is  no  adequate  evidence 
that  the  ganglia  scattered  in  its  muscular  walls,  those  namely 
forming  the  plexus  of  Auerbach,  play  any  prime  part  in  developing 
these   Tnovements. 

On  the  other  hand,  powerful  movements  of  a  peristaltic  kind 
may  be  induced,  not  only  as  we  have  already  seen  in  the 
cesopViagus  but  also  in  the  stomach,  in  the  small  intestine,  and 
even  in  the  large  intestine  by  stimulation  of  the  vagus  nerve. 

The  chief  and  usual  cause  of  the  movements  of  the  stomach 

wid  intestines  is  the  presence  of  food  in  their  interior.     But  we 

do  not  know  definitely  the   exact   manner   in  which   the   food 

produces  the  movement.     It  may  be  that  the  food,  by  stimulating 

^e  mucous  membrane,  sends  up  aflferent  impulses,  and  that  these 

pve  rise  by  reflex  action  to  efferent  impulses  which  descend  the 

^*gus  fibres  to  successive  portions  of  the   canal,  in   a  manner 

®^lar  to  that  already  described  in  reference  to  the  oesophagus. 

^^  this  be  so  the  efferent  impulses  reach  the  stomach  and  upper 

P^  of  the  duodenum  by  the  terminal  portions  of  the  two  vagi, 

.  &  70,  R.V.  i.F.,  and  reach  the  intestmes  by  the  portion  of  the 

^ght  or  posterior  vagus.  Fig.  70,  R.  V\,  which  passes  into  the  solar 

P'^xus  and  thence  by  the  mesenteric  nerves.     The  afferent  im- 

P^ilses  fi"om  the  stomach  travel  also  apparently  by  the  vagus ;  the 

P^ths  of  those  firom  the  intestines  have  not  yet  been  determined. 

But  that  such  a  reflex  action  through  vagus  fibres  is  not  the 
^^ly  means  by  which  the  presence  of  food  brings  about  the  move- 
^^nts  in  question,  is  shewn  by  the  fact  that  these  continue  to  be 
^^veloped  after  section  of  both  vagus  nervea     Probably  the  whole 
action  is  a  mixed  one  which  we  may  picture  to  ourselves  some- 
what as   follows.     The  alimentary   canal   possesses   a  power  of 
spontaneous  movement,  feeble  it  is  true,  very  inferior  to  that  of 
^*^e   heart,  and  very  apt  to  be  latent,  but  still   existing.     The 
P^^sence  of  food  in  some  way  or  other,  by  some  direct  action  quite 
ipart  from  the  central  nervous  system,  is  able  to  increase  this 
P'^'Wer  so  that,  without  any  aid  from  the  central  nervous  system,  as 
^er  section   of  the  vagi,  adequate  peristaltic   movements  can, 
^der  favourable  circumstances,  be  carried  out.     Nevertheless  in 
^^^  normal   course   of   events  satisfactory  movements    are   still 
"ixther  secured  by  the  reflex  action  through  vagus  fibres  just 
^^^ribed.     Thus,  in  the  dog,  the  act  of  swallowing  food  or  even 
^^fc  mere  smell  of  food  has  been  observed  to  increase  the  move- 
ments of  a  piece  of  intestine  isolated  fi"om  the  rest  of  the  alimen- 
^  canal  but  retaining  its  connections  with  the  central  nervous 
system.     Under  this  view  the  peristaltic  movements  produced  by 
centrifugal  stimulation  of  the  vagus  in  the  neck  are  comparable 
Dot  so  much  with  the  contraction  of  a  skeletal  muscle  when  its 
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motor  nerve  is  stimulated  as  with  the  beats  which  may  be  call 
forth  in  an  inhibited  or  otherwise  quiescent  heart  by  stimulati 
of  the  cardiac  augmentor  fibres. 


Ret. 


Fio.  70.    Diagram  to  illustbate  the  Nebvbs  of  thx  Auxemtabt 

Canal  in  the  Dog. 

The  figure  is  for  the  sake  of  simplicity  made  as  diagrammatio  as  possible,  and 
not  represent  the  anatomical  relations, 

Oe  to  Ret. — The  alimentary  canal,  oesophagus,  stomach,  small  intestine, 
intestine,  rectum. 

LV.    Left  vagus  nerve,  ending  on  front  of  stomach.    r.L  recurrent  laryngeal 
supplying  upper  part  of  oesophagus.    12.  F.  right  vagus,  joining  ieft  vaffoa  i 
oesophageal  plexus,  oe.  pl.y  supplying  the  posterior  part  of  stomach  ana  oon< 
tinued  as  Bf.V.  to  join  the  solar  plexus,  here  represented  by  a  single  ganglion 
connected  with  the  inferior  mesenteric  ganglion  (or  plexus)  m.  gL — a.  brarn 
from  the  solar  plexus  to  stomach  and  small  intestine,  and  from  the  mesen 
ganglion  to  the  large  intestine. 

Spl.  maj.  Large  splanchnic  nerve  arising  from  the  thoracic  ganglia  and 

communicantes  r.c.  belonging  to  dorsal  nerves  from  the  6th  to  the  9th  (or  10th), 

Spl,  min.  Small  splanchnic  nerve  similarly  arising  from  10th  and  11th  dona^ 
nerves.  These  both  join  the  solar  plexus  and  thence  make  their  way  to  th9 
alimentary  canal. 

C.r,  Nerves  from  the  ganglia  &c.  belonging  to  11th  and  12th  dorsal  and  let  and 
2nd  lumbar  nerves,  proceeding  to  the  inferior  mesenteric  ganglia  (or  plexus) 
m.  gl.  and  thence  by  the  hypogastric  nerve  n.  hyp.  and  the  nypogastric  plexos 
pi.  hyp.  to  the  circular  muscles  of  the  rectum. 

l.r.  Nerves  from  the  2nd  and  3rd  sacral  nerves,  £>2,  SS  (nervi  erigentes),  pzooeed- 
ing  by  the  hypogastric  plexus  to  the  longitudinal  muscles  of  the  reetom. 
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Indeed  we  may  perhaps  call  the  vagus  fibres  which  pass  to  the 

stomach  and  intestines  (and  these  we  may  remark  are,  like  the 

c&rdiac  augmentor  fibres,  non-meduUated  fibres  along  the  greater 

paj-t  of  their  course)  augmentor  fibres  rather  than  motor  fibres. 

VV^e  have  all  the  more  reason  to  do  so  since  there  exist  companion 

btxt    antagonistic  inhibitory  fibres.     If  while   lively  peristaltic 

342tion  is  going  on  in  the  bowels,   the   splanchnic   nerves   be 

9t;i]xiulated  the  bowels  are  brought  to  rest,  often  in  a  very  abrupt 

drmd    marked   manner.     Inhibitory  fibres  therefore  run  in  the 

splanchnic  nerves,  Fig.  70,  8pl.  maj.  and  min,,  passing  along  them 

'^  the  spinal  cord  to  the  abdominal  plexuses,  and  thence  to 

^  alimentary  canal ;  probably  some  of  the  fine  meduUated  fibres 

hich  may  be  observed  along  this  track  are  of  this  nature. 

It  will  be  noticed  that  the  splanchnic  nerves  while  containing 
y^^^oconstrictor  i«.  augmentor  fibres  for  the  blood  vessels  of  the 
^^^^t^stines,  cany  inhibitory  fibres  for  the  muscular  coat;  and 
I^^'x>l)ably  the  vagus  while  containing  augmentor  fibres  for  the 
^^viscular  coat  carries  inhibitory  dilator  fibres  for  the  blood  vessels. 
1 1;  xuay  further  be  remarked  that  the  vagus  while  supplying  aug- 
^^^entor  fibres  for  the  muscular  mechanisms  of  the  alimentaiy  canal 
^^^urries,  as  we  so  well  know,  inhibitory  fibres  for  the  cardiac 
^^^viacular  mechanism. 

^         In  the  above  statement  we  have  purposely  used  the  general 
peristaltic  movement,  but  as  we  have  seen,  in  the  movements 
'^  the  alimentaiT  canal,  two  sets  of  muscles  are  concerned,  the 
^^"Uxiular  and  the  longitudinal     Now  in  the  rectum  we  are  able  to 
^■^^coffnise  that  the  two  sets  of  muscles  have  quite  distinct  nervous 
?^ppliea    The  longitudinal  coat  is  governed  by  nerve-fibres  which, 
^^^    the   dog,  leave  the  spinal  cora  in  the  anterior  roots  of  the 
^^cond  and  third  sacral  nerves.  Fig.  70,  82,  SS,  pass  along  the 
^J^nches  of  those  nerves,  fi:«quently  spoken  of  as  the  nervi  eri- 
9^nte8,  L  r.,  to  the  hypogastric  plexus,  pL  hyp.,  and  thence  to  the 
^"^^ctuuL     Stimulation  of  these  nerves  causes  contractions  of  the 
^l^ctum  which  are  confined  to  the  longitudinal  coat  and  as  we 
^ve  said  pull  the  rectum  down.     The  circular  coat  is  governed 
W  fibres  which  leave   the  spinal  cord  by  the  anterior  roots  of 
^^e  lower  dorsal  and  first  two  lumbar  nerves.  Fig.  70  (coming 
from  the  lower  part  of  that  spinal  region  firom  which  as  we  have 
'^en  §  169  the  vaso-constrictor  fibres  take  origin),  and,  early  losing 
^keir  medulla,  pass  to   the  rectum  by  the  inferior  mesenteric 
gHQglia,  the  hypogastric  nerves  and  hypogastric  plexus,  Fig.  70, 
^gL,  n.  hyp,  pi.,  hyp.   Stimulation  of  these  fibres  gives  rise  to  con- 
tractions wnich  are  confined  to  the  circular  coat,  and  squeeze  out 
the  contents  of  the  rectum.     A  similar  double  nervous  supply 
probably  governs  the  longitudinal  and  circular  coats  along  the 
whole  alimentary  canal;  but  the  details  of  such  a  supply  are  at 
present  unknown. 

Our  knowledge  moreover  concerning  the  details  of  any  special 
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nervous  mechanisms,  by  means  of  which  the  more  complicate< 
movements  of  the  stomach,  including  the  closing  and  opening  o 
the  sphincters,  are  carried  out,  is  at  present  very  imperfect.  W 
cannot  add  to  what  we  have  incidentally  said  in  speaking  o 
vomiting. 

The  movements  of  the  rectum,  including  the  sigmoid  flexure 
appear  to  be  much  more  closely  dependent  on  the  central  nervou 
system  than  are  those  of  the  rest  of  the  alimentary  canaL  A 
we  have  said  the  movements  of  both  large  and  small  intestin* 
are  rather  assisted  and  augmented  than  primarily  called  forth  b; 
impulses  descending  from  the  central  nervous  system  along  th 
vagus  fibres.  As  the  large  intestine  however  passes  into  th 
rectum  government  by  the  vagus  is  replaced  by  govemmen 
through  the  lumbar  cord  and  the  nerves  just  previously  mentioned 
and  this  government  appears  to  be  not  so  much  mere  augmen 
tation  as  the  actual  carrying  out  of  the  movements  through  refle: 
action.  Hence  this  is  the  part  of  intestinal  movement  which  hH 
in  diseases  of  the  central  nervous  system ;  the  failure  leading  ti 
obstinate  constipation  if  not  to  actual  difficulty  of  defsecation.  Th< 
presence  of  fasces  in  the  sigmoid  flexure  no  longer  stirs  up  th 
reflex  mechanism  for  their  discharge;  meanwhile  the  more  in 
dependent  movements  of  the  higher  parts  of  the  canal  continu 
to  drive  the  contents  onward;  and  hence  the  faeces  accumulat 
in  the  sigmoid  flexure  and  colon  awaiting  the  delayed  actio] 
of  the  imperfect  reflex  mechanism.  With  regard  to  the  exac 
manner  in  which  the  presence  of  food  acts  as  a  stimulus  it  ma; 
be  worth  while  to  remark,  that,  though  in  the  stomach  as  w 
have  seen  mere  fulness  is  not  the  efficient  cause  of  the  movementf 
since  these  become  more  active  as  digestion  proceeds  and  the  bull 
of  the  contents  diminishes,  yet  in  the  intestine  distension  of  th 
bowel  up  to  certain  limits  most  distinctly  increases  the  vigour  c 
the  movements  just  as  distension  of  the  cardiac  cavities  withii 
certain  limits  improves  the  cardiac  stroke.  This  is  well  seen  h 
obstruction  of  the  bowels  in  which  cases  the  bowel  distende< 
above  the  obstruction  is  frequently  thrown  into  violent  peristalti 
movements.  This  effect  is  in  part  at  least  due  to  the  distensioi 
extending  the  muscular  fibres  and  so  in  a  direct  manner  promotinj 
their  contraction  (see  §  81),  but  may  be  in  part  due  to  augmento 
impulses  excited  in  a  reflex  manner.  Prooably  in  an  intestin 
isolated  from  the  central  nervous  system,  food  provokes  peristalti 
movements  much  more  by  causing  distension  and  so  stretching 
the  muscular  coats  than  by  acting  as  a  stimulus  to  the  mucou 
membrane  either  through  cnemical  action  or  in  any  similar  way. 

§  277.  Next  to  the  presence  of  food  in  the  interior  of  th 
alimentary  canal,  a  deficient  oxygenation  of  the  blood  supplier 
to  the  walls  of  the  canal  or  the  sudden  cutting  off  of  the  suppl; 
of  blood,  may  be  regarded  as  the  most  powerful  provocative 
of  peristaltic  action.     When  the  aorta  is  clamped  or  when  th 
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''espiration  is  seriously  interfered  with,  peristaltic    movements 

become  very  pronounced.     Thus,  in  death  by  asphjrxia  or  sufFoca- 

tion,  an  involuntary  discharge  of  faeces,  which  is  in  part  at  least 

the  result  of  increased  peristaltic  action,  is  not  an  unfrequent 

i^esult;    and  the  markea  peristaltic    movements  which   are    so 

frequently  seen  in  an  animal  when  the  abdomen  is  laid   open 

immediately  after  death,  appear  to  be  due  to  the  cessation  of  the 

oirculation  and  the  consequent  failure  in  the  supply  of  blood  to 

the  walls  of  the  alimentary  canal  and  not,  as  has  oeen  suggested, 

to    the  contact  with  air  of  the  peritoneal  surface.     Since  it  is 

l>lood  which  brings  oxygen  to  the  tissues,  failure  in  the  supply  of 

l>lood  is  tantamount  to  ibilure  in  the  supply  of  oxygen ;  but  the 

l>lood  current  brings  other  things  besides  oxygen  and  also  takes 

tiling  awav ;  and  the  failure  of  this  action  also  probably,  as  well 

««   mlure  m  the  supply  of  oxygen,  provokes  the  movements  in 

question. 

The  movements  thus  produced  are  to  some  extent  the  result 
the  deficient  supply  of  blood  acting  directlv  on  the  walls  of  the 
aal,  though  in  asph  vxia  at  all  events  this  effect  may  be  increased 
l>y  the  too  venous  blood  stimulating  the  central  nervous  system 
^uid  thus  sending  augmentor  impulses  down  the  vagus. 

With  regard  to  the  mode  of  action  of  the  drugs  which  promote 

X>eristaltic  action  it  will  be  sufficient  here  to  say  that  while  some 

such  as  nicotin  appear  to  act  directly  on  the  walls  of  the  canal, 

others  such  as  stirchnia  produce  their  effect  chiefly  by  acting 

through  the  central  nervous  system. 


SEC.  8.     THE  CHANGES  WHICH  THE  FOOD  UNDERGO 

IN  THE  ALIMENTARY  CANAL. 


§  278.  Having  studied  the  properties  of  the  digestive  juice--^ 
as  exhibited  outside  the  body,  and  the  various  mechanisms  h^^ 
means  of  which  the  food  introduced  into  the  body  is  broughr  -< 
under  the  influence  of  those  juices,  we  have  now  to  consider  whaX^ 
as  matters  of  fact,  are  the  actual  changes  which  the  food  doe^t^ 
undergo  in  passing  along  the  alimentary  canal,  what  are  the  step^^ 
by  which  the  contents  of  the  canal  are  gradually  converted  intc:^ 
£3ece&  The  events  which  lead  to  this  conversion  are  two-fold.  On::* 
the  one  hand  the  digestive  juices  do  bring  about,  inside  the  alimen —  - 
tary  canal,  changes  which  in  the  main  are  the  same  as  those  ohserve&tz 
in  laboratory  experiments  outside  the  body  and  described  in  previous^ 
sections,  though  the  results  are  somewhat  modified  by  the  speciaK^ 
conditions  wmch  obtain  within  the  body.  On  the  other  handK 
absorption,  that  is  to  say,  the  passage  fi*om  the  interior  of  the  canalK 
into  the  blood  vessels  and  lymphatics,  of  digested  material  in  com — 
pany  with  water,  is  going  on  along  the  whole  length  of  the  qaiirIj^ 
and  especially  in  the  small  and  large  intestines.  It  will  be  con— ^ 
venient  to  confine  ourselves  at  present  to  the  study  of  the  firsts 
class  of  events,  the  changes  effected  in  the  canal,  merely  noting^ 
the  disappearance  of  this  or  that  product,  and  deferring  the-^ 
difficult  problem  of  how  absorption  takes  place  to  a  subsequent  and  ^ 
separate  discussion. 

In  the  month  the  presence  of  the  food,  assisted  bv  the  move- 
ments of  the  jaw,  causes,  as  we  have  seen,  a  flow  of  saliva.  By 
mastication,  and  by  the  addition  of  mucous  saliva,  the  food  is 
broken  into  small  pieces,  moistened,  and  gathered  into  a  convenient 
bolus  for  deglutition.  In  man  some  of  tne  starch  is,  even  during 
the  short  stay  of  the  food  in  the  mouth,  converted  into  sugar ;  for 
if  boiled  starch  free  from  sugar  be  even  momentarily  held  in  the 
mouth,  and  then  ejected  into  water  (kept  boiling  to  destroy  the 
ferment)  it  will  be  found  to  contain  a  decided  amount  of  sugar. 
In  many  animals  no  such  change  takes  place.  The  viscid  saiuva 
of  the  dog  serves  almost  solely  to  assist  m  deglutition ;  and  even 
the  longer  stay  which  food  miakes  in  the  mouth  of  the  horse  is 
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msnfficient  to  produce  any  marked  conversion  of  the  starch  it  may 
<5ontain.  During  the  rapid  transit  through  the  OBSophagus  no 
appreciable  change  takes  place. 

The  amount  of  absorption  of  digested  material,  or  even  of 

iple  water  from   the   mouth   or  oesophagus,  must  always  be 

Tgnificant. 

The  Cha/nges  in  the  Stomach. 

§  279.  The  arrival  of  the  food,  the  reaction  of  which  is  either 
i^^^At^iuidly  alkaline,  or  is  made  alkaline,  or  at  least  is  reduced  in 
^oidity,  by  the  addition  of  saliva,  causes  a  flow  of  gastric  juice. 
^TTxis,  already  commencing  while  the  food  is  as  yet  in  the  mouth, 
^^Kicreases  as  the  food  accumulates  in  the  stomach,  and  as,  by  the 
J^uming  gastric  movements,  one  part  after  another  of  the  food  is 
»ught  into  contact  with  the  mucous  membrane. 
Tne  characters  of  the  juice  appear  to  change  somewhat  as  the 
of  digestion  proceeds.  The  amount  of  pepsin  in  the  gastric 
^^oiatents  mcreases  for  some  time  after  food  is  taken,  and  probably 
^he  actual  secretion  increases  also.  The  acidity  of  the  gastric 
J^^orxtents  is  at  first  very  feeble ;  indeed  in  man,  in  some  cases  at 
i,  for  some  little  time  after  the  beginning  of  a  meal  no  free 
is  present,  and  during  this  period  the  conversion  of  starch  into 
r  may  continue.  This  condition  however  is  temporary  only ; 
try  soon  the  contents  become  acid,  arresting  the  action  of  and 
^Jtamately  de8tro}dng  the  amylolytic  ferment;  and,  since  the  rate 
of  the  secretion  of  acid  appears  to  be  fairly  constant,  the  contents 
<^f  the  stomach,  unless  fresn  alkaline  food  be  taken,  become  more 
^cid  as  digestion  goes  on. 

The  gross  eflFect  of  gastric  digestion  is  to  break  up  and  partly 

^o    dissolve   the   larger  lumps  of  masticated  food  into  a   thick 

^x^yish  soup-like  liquid  called  chyme,  with  which  are  still  mixed 

^*^    variable  quantity  larger  and  smaller  masses  of  less  changed 

'^CH^    This  is  the  result,  partly  of  the  solution  of  proteid  matters, 

P^*tly  of   the  solution   of   the    gelatiniferous   connective-tissue 

folding  the  proteid  elements  together.     In  a  fragment  of  meat, 

"'^*'  instance,  the   muscular  fibres,  through   the  solution  of  the 

^nnective-tissue  binding  them  together,  fall  asunder,  the  sarco- 

j^Hama  is  dissolved,  and  the  fibres  themselves  split  up  sometimes 

^^Hgitudinally  but   most  frequently  by  transverse  cleavage  into 

^*i8C8,  and   are   ultimately  more   or  less  reduced   partly   into  a 

S^^nular  mass,  partly  to  actual  solution.     In  a  piece  of  tissue  con- 

^^^ining  fiit,  the  connective-tissue  binding  the  fat  cells  together  and 

^he  envelopes  of  the  fiat  cells  are  dissolved,  so  that  the  fat,  fluid  at 

ttie  temperature  of  the  body,  is  set  free  from  the  individual  cells 

^d  runs  together  into  larger  and  smaller  masses.     In  vegetable 

tissue  the  proteid  elements  are  in  part  dissolved  and,  though  there 

is  no  evidence  that  in  man  cellulose  is  dissolved  in  the  stomach, 
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the  whole  tissue  is  softened  and  to  a  certain  extent  disintegratec 
Milk  is  curdled  and  the  curd  subsequently  more  or  less  dissolved. 
The  thick  soup-like  acid  chyme  consists  accordingly  partly  c 
substances  which  have  entered  into  actual  solution,  partly  of  mer 
particles  or  droplets  of  proteid,  fatty  or  other  nature  and  partly  c 
masses  small  or  great,  which  may  be  recognized  under  the  micro 
scope  as  more  or  less  changed  portions  of  animal  or  vegetabl 
tissue.  The  amount  of  material  actually  dissolved  is  in  moe 
specimens  of  chyme  exceedingly  small.  When  the  solid  parts  ar 
removed  by  filtration  the  clear  filtrate  contains  besides  salts,  pepsi 
and  free  hydrochloric  acid  (the  constituents  of  the  cra«tric  luice), 
small  amoL  of  sugar,  of  ^peptone  and  of  pepto^  tL  sui, 
is  often  absent,  the  parapeptone  is  not  always  present,  and  tb 
amount  of  peptone  (or  albumose)  is  always  small. 

During  gastric  digestion  the  chyme  thus  formed  is  from  tim 
to  time  ejected  through  the  pylorus,  accompanied  by  even  larg 
morsels  of  solid  less-digested  matter.  This  may  occur  within 
few  minutes  of  food  having  been  taken;  but  the  larger  escap 
fix)m  the  stomach  probably  does  not  in  man  begin  till  from  one  t 
two,  and  lasts  from  four  to  five  hours,  after  the  meal,  becomin 
more  rapid  towards  the  end,  and  such  pieces  as  are  the  leaf 
broken  up  by  the  gastric  juice  and  movements  being  the  last  t 
leave  the  stomach. 

The  time  taken  up  in  gastric  digestion  probably  varies  in  th 
same  animal  not  only  with  different  articles  of  food  but  also  wit 
varying  conditions  of  the  stomach  and  of  the  body  at  large.  I 
different  animals  it  varies  very  considerably,  being  from  12  to  2 
hours  in  the  dog  after  a  full  meal,  while  the  stomachs  of  rabbil 
are  never  empty  but  always  remain  largely  filled  with  food,  eve 
during  starvation.  In  man  the  stomach  probably  becomes  empt 
between  the  usual  meals. 

The  total  amount  of  change  which  the  food  undergoes  in  ti 
stomach,  that  is  the  share  taken  by  the  stomach  in  the  whol 
work  of  digestion,  seems  to  vary  largely  in  different  animals,  an 
in  the  same  animal  differs  according  to  the  nature  of  the  mea 
In  a  dog  fed  on  an  exclusively  meat  diet,  a  very  large  part  of  th 
digestion  is  said  to  be  carried  out  by  the  stomach,  very  little  wor 
apparently  being  left  for  the  intestines ;  that  is  to  say,  the  larg( 
part  of  the  meal  is  reduced  in  the  stomach  to  actual  solution  an 
a  considerable  quantity  is  probably  absorbed  directly  from  th 
stomach.  In  such  cases  the  amount  of  peptone  found  in  th 
stomach  during  the  digestion  of  the  meal  is  found  to  be  fieur] 
constant,  fix)m  which  it  may  be  inferred  that  the  peptone  is  absorbe 
as  soon  as  it  is  formed.  There  is  also  evidence  that  fat  may  1 
a  certain  extent  undergo  in  the  stomach  changes  leading  1 
emulsion,  similar  to  those  which,  as  we  shall  see,  are  carried  oi 
in  the  small  intestine. 

But  such  cases  as  these  cannot  be  regarded  as  tjrpical  cases  < 
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gastric  digestion,  and  in  man,  at  all  events,  living  on  a  mixed  diet 

the  work  of  the  stomach  appears  to  be  to  a  large  extent  preparatory 

only  to  the  subsequent  labours  of  the  intestine.     It  is  true  that 

our  information  on  this  matter  is  imperfect,  being  chiefly  drawn 

froni  the  study  of  cases  of  gastric  or  duodenal  fistula,  in  which 

pit)bably  the  order  of  things  is  not  normal,  or  being  in  lar^e 

Dieasure  deductions  from  experiments  on  animals,  whose  economy  m 

fchis  respect  must  be  largely  diflferent  from  our  own ;  but  we  are 

pt>hably  safe  in  concluding  that,  in  ourselves,  the  chief  eflfect  of 

giastric  digestion  is  by  means  of  the  disintegration  spoken  of  above 

^  reduce  the  lumps  of  food  to  the  more  uniform  chyme  and  so 

^o  facilitate  the  changes  which  take  place  in  the  small  intestine. 

Inuring  that  disintegration  some  of  the  proteid  in  the  meal  is 

^11  verted  into  peptone;  and  the  peptone  so  formed  is  probably 

absorbed  at  once ;  but  much  proteid  remains  unchanged  or  at  least 

^  not  converted  into  peptone,  and  the  fats  and  starches  undergo  in 

themselves  very  little  change  indeed. 

In  the  act  of  swallowing,  no  inconsiderable  quantity  of  air  is 
^'^^lied  down  into  the  stomach,  entangled  in  the  saliva,  or  in  the 
'^^^*od.  This  is  returned  in  eructations.  When  the  gas  of  eructation 
^*''  that  obtained  directly  from  the  stomach  is  examined,  it  is  found 
^  consist  chiefly  of  nitrogen  and  carbonic  acid,  the  oxygen  of  the 
^^Haospheric  air  having  been  largely  absorbed.  In  most  cases  the 
^^bonic  acid  is  derived  by  simple  diffusion  from  the  blood,  or 
^^m  the  tissues  of  the  stomach,  which  similarly  take  up  the 
^^ygen.  In  many  cases  of  flatulency,  however,  it  may  arise  from 
*  fermentative  decomposition  of  the  sugar  which  has  been  taken 
^  such  in  food  or  wmch  has  been  produced  from  the  starch,  the 
^^^  being  either  formed  in  the  stomach  or  passing  upwards  from 
*^^  intestine  through  the  pylorus. 

The  enormous  quantity  of  gas  which  is  discharged  through  the 
^outh  in  cases  of  hysterical  flatulency,  even  on  a  perfectly  empty 
^^omach,  and  which  seems  to  consist  largely  of  carbonic  acid, 
P^'^^sents  difficulties  in  the  way  of  explanation ;  it  is  possible  that 
^^  *nay  be  simply  diffused  from  the  blood,  but  it  is  also  possible 
j'^^t  m  many  cases  it  is  derived  from  air  which  the  patient  has 
"y^eterically  swallowed,  the  oxygen  having  been  removed,  in  the 
*^^omach,  by  absorption  and  replaced  by  carbonic  acid. 

In  the  Small  Intestine. 

§280.     The  semi-digested  acid  food,  or  chyme,  as  it  passes 

^er  the  biliary  orifice,  causes  as  we  have  seen  (§  253)  gushes  of 

pile,  and  at  the  same  time  the  pancreatic  juice  flows  into  the 

^^t«rtine  freely.    These  two  alkahne  fluids,  especially  the  more 

*^ngly  and  constantly  alkaline  pancreatic  juice,  tend  to  neutralize 

^he  acidity  of  the  chyme,  but  the  contents  of  the  duodenum  do  not 

Wome  distinctly  alkaline  until  some  distance  from  the  pylorus  is 
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reached.  The  rapidity  with  which  the  change  in  the  reaction  i 
completed  is  not  the  same  in  all  animals,  and  in  the  same  anima 
appears  to  vary  according  to  the  nature  of  the  food,  and  variouj 
circumstances.  In  man,  living  on  a  mixed  diet,  the  contents  have 
probably  become  distinctly  alkaline  before  they  have  passed  fki 
down  the  duodenum.  On  the  other  hand  in  dogs,  the  contents  o 
the  small  intestine  have  been  observed  to  be  acid  throughout,  anc 
that,  not  only  when  fed  on  starch  and  fat,  which  might,  by  an  acic 
fermentation  of  which  we  shall  presently  speak,  give  rise  to  an  acic 
reaction,  but  even  when  fed  on  meat. 

The  conversion  of  starch  into  sugar,  which  as  we  have  seen  ii 
sooner  or  later  arrested  in  the  stomach,  is  resumed  with  greai 
activity  and  indeed  completed  by  the  pancreatic  juice,  possibly 
assisted  by  the  succus  entericus,  the  presence  of  bile  being  said  U 
increase  the  activity  of  the  pancreatic  amylolytic  ferment.  Th< 
conversion  begins  as  soon  as  the  acidity  of  the  ch3rme  is  sufficiently 
reduced  and  continues  along  the  intestine;  portions  however  o 
still  undigested  starch  may  be  found  in  the  large  intestine,  an( 
even  at  times  in  the  faeces. 

The  pancreatic  juice,  as  we  have  seen,  emulsifies  fats,  and  als< 
splits  them  into  their  respective  fatty  acids  and  glycerine.  Th< 
fatty  acids  thus  set  free  become  converted  by  means  of  the  alkalin< 
contents  of  the  intestine  into  soaps ;  but  to  what  extent  saponifi^ca 
tion  thus  takes  place  is  not  exactly  known.  Undoubtedly  soap 
have  to  a  small  extent  been  found  both  in  portal  blood  ana  in  thi 
thoracic  duct  after  a  meal ;  but  there  is  no  proof  that  any  ]ajrg( 
quantity  of  fat  ia  introduced  in  this  form  into  the  circulation.  Oi 
tne  other  hand,  the  presence  of  neutral  fats  in  the  lacteals,  and  U 
a  slight  extent  in  portal  blood,  is  a  conspicuous  result  of  the  diges 
tion  of  fatty  matters ;  and  in  all  probability  saponification  in  th< 
intestine  is  a  subsidiary  process,  the  effect  of  which  is  rather  U 
fSaKsilitate  the  emulsion  of  neutral  fats  than  to  introduce  soaps  a 
such  into  the  blood.  For  the  presence  of  soluble  soaps  favours  tb 
emulsion  of  neutral  fats.  Hence  a  rancid  fat,  i.e,  a  fat  containing  i 
certain  amount  of  free  fatty  acid,  forms  an  emulsion  with  ai 
alkaline  fluid  more  readily  than  does  a  quite  neutral  fat.  A  dro] 
of  rancid  oil  let  fall  on  the  surface  of  an  alkaline  fluid,  such  as  ] 
solution  of  sodium  carbonate  of  suitable  strength,  rapidly  forms  i 
broad  ring  of  emulsion,  and  that  even  without  the  least  agitatioi 
As  saponification  takes  place  at  the  junction  of  the  oil  and  alkalin* 
fluid  currents  are  set  up,  by  which  globules  of  oil  are  detacher 
firom  the  main  drop  and  driven  out  in  a  centrifugal  direction ;  th 
intensity  of  the  currents  and  the  consequent  amount  of  emulsioi 
depend  on  the  concentration  of  the  alkaline  medium  and  on  th 
solubility  of  the  soaps  which  are  formed.  Now  the  bile  an< 
pancreatic  juice  supply  just  such  conditions  as  the  above  fo 
emulsioniziug  fats :  they  both  together  afford  an  alkaline  mediun 
the  pancreatic  juice  gives  rise  to  an  adequate  amount  of  free  fatt 
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acid,  and  the  bile  in  addition  brings  into  solution  the  soaps  as  they 
are  fonned.  So  that  we  may  speak  of  the  emulsion  of  fats  in  the 
small  intestine  as  being  earned  on  by  the  bile  and  pancreatic  juice 
acting  in  conjunction ;  and  as  a  matter  of  fact  the  bile  and  pancreatic 
juice  do  largely  emulsify  the  contents  of  the  small  intestine,  so  that 
the  ereyish  turbid  chyme  is  changed  into  a  creamy-looking  fluid, 
whicn  has  been  sometimes  called  chyle.  It  is  advisable  however 
to  reserve  this  name  for  the  contents  of  the  lacteals.  Many  of  the 
&t8  present  in  food,  for  instance,  butter,  already  contain  some  fatty 
adds  when  eaten ;  for  these  fats  the  initial  action  of  the  pancreatic 
juice  is  less  necessary. 

This  mutual  help  of  bile  and  pancreatic  juice  in  producing  an 
Pulsion  explains  to  a  certain  extent  the  controversy  which  long 
existed  between  those  who  maintained  that  the  bile  and  those  who 
inaintained  that  the  pancreatic  juice  was  necessary  for  the  diges- 
tion and  absorption  of  fatty  food  That  the  pancreatic  juice  does 
produce  in  the  intestine  such  a  change  as  favours  the  transference 
of  neutral  fats  from  the  intestine  into  the  lacteals,  is  shewn  by  the 
&ct  that  in  diseases  affecting  the  pancreas,  much  fatty  food 
^uently  passes  through  the  intestine  undigested,  and  great 
^i^ing  ensues ;  but  it  cannot  be  maintained  that  the  pancreatic 
juice  is  the  sole  agent  in  this  matter,  since  in  animals  in  which  the 

Ccreatic  ducts  have  been  successfully  ligatured  chyle  is  still 
^d  in  the  lacteals.  On  the  other  hand,  that  the  bile  is  of  use 
^  the  digestion  of  &,t  is  shewn  by  the  prevalence  of  fatty  stools 
lu cases  of  obstruction  of  the  bile-ducts;  and  though  the  operation 
of  ligaturing  the  bile-ducts,  and  leading  all  the  bile  externally 
through  a  fistula  of  the  gall  bladder,  is  open  to  objection,  since  it, 
^  Borne  way  or  other,  so  exhausts  the  animal  as  indirectly  to  affect 
^estion,  still  the  results  of  experiments  in  which  the  resorption  of 
^t  was  distinctly  lessened  (tne  quantity  of  fat  in  the  lacteals 
^Uing  from  3*2  to  02  p.c.)  by  the  li^ture  and  fistula,  obviously 
point  to  the  same  conclusion.  That  in  man  the  succus  entericus 
Poasesses  a  wholly  insuflScient  emulsifying  power  is  shewn  by  the 
observation  of  a  case  in  which  the  duodenum  opened  on  the  surface 
by  a  fistula  in  such  a  way  that  the  lower  part  of  the  intestine 
^uld  be  kept  free  from  the  contents  of  the  upper  part  containing 
^he  bile  and  pancreatic  juice  and  matters  proceeding  from  the 
^uiach.  Fats  introduced  into  the  lower  part,  where  they  could 
not  be  acted  upon  either  by  the  bile  or  by  the  pancreatic  juice 
^ere  but  slightly  digested.  Without  denying  the  possible  assist- 
^ce  of  the  succus  entericus,  or  even  of  gastric  juice,  we  may 
include  that  the  digestion  of  fat  is  in  the  main  carried  out  by  the 
^joint  action  of  bile  and  pancreatic  juice. 

§  281.  We  have  seen,  §  247,  that  the  addition  of  bile  to  a 
uig^ing  mixture  gives  rise  to  a  precipitate.  This  is  partly  a 
^^oarse  flocculent  precipitate,  consisting  of  parapeptone  with  some 
^ount  of  bile  acids,  and  partly  of  a  finer  more  granular  pre- 
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cipitate,  which   is   longer  in   falling  down,  and   consists  chiefly 
of  bile  acids  with  a  variable  amount  of  peptone ;  the  latter  is 
re-dissolved  on  the   further  addition   of  bile   even   though   the 
reaction  of  the  mixture  remain  acid.     In  the  upper  part  of  the 
duodenum  the  inner  surface,  if  examined  while  digestion  is  going 
on,  is  found  to  be   lined  by  a  coloured  flocculent  and  granulai 
material,  which  is  probably  a  precipitate  thus  formed ;  the  purpose 
of  this  precipitation  is  probably  to  delay  the  passage  of  the  un- 
digested parapeptone  along  the  duodenum.     Moreover,  apart  from 
this  precipitation,  bile  arrests  the  action  of  pepsin,  even  while  the 
reaction  of  the  mixture  still  remains  acid;  and  as  soon  as  an 
alkaline  reaction  is  established  the  pepsin  is  apparently  destroyed 
by  the  trypsin,  so  that  with  the  flow  of  bile  and  pancreatic  juice 
into  the  duodenum  the  processes  which  have  been  going  on  in  the 
stomach  come  to  an  end.     In  fact  it  would  seem  that  the  juices  oi 
the  various  districts  of  the  alimentary  canal  are  mutually  destrac- 
tive;  thus,  while  pepsin  in  an  acid  solution  destroys  the  active 
constituents  of  saliva  and  of  pancreatic  juice  (probably  also  those  ol 
the  succus  entericus),  it  is  in  its  turn  antagonized  or  destroyed  bj 
the  bile  and  the  other  alkaline  juices  of  the  intestine.     Hence 
pancreatic  juice  introduced  through  the  mouth  must  lose  its  powen 
in  the  stomach  and  can  only  be  of  use  as  an  alkaline  medinni 
containing  certain  proteid  matters.    On  the  other  hand  if,  as  we 
have  reason  to  believe,  the  contents  of  the  stomach  as  they  issue 
from  the  pylorus  still  contain   a  large   quantity   of  undigestec 
proteids,  these  must  be  digested  by  the  pancreatic  juice  (with  oi 
without  the  assistance  of  the  succus  entencus),  the  action  of  whicl 
seems  to  be  assisted  or  at  least  not  hindered  by  bile.     And  ii 
dogs  fed  through  a  duodenal  fistula,  so  that  all  gastric  digestion  h 
excluded,  proteids  are  completely  digested  and  give  rise  to  quiti 
normal  faeces.     To  what  stage  the  pancreatic  digestion  is  carried 
whether    peptone   is,   practically,   tne  only  proauct,  or  whethe: 
the  pancreatic  juice  in  the  body,  as  out  of  the  body,  carries  on  it 
work  in  the  more  destructive  form,  whereby  the  proteid  materia 
subjected  to  it  is  so  broken  down  as  to  give  rise  to  appreciabL 
quantities   of    leucin    and    tyrosin,   is    at    present    not    exactb 
Known.     Leucin  and  tyrosin  have  been  found  in  the  intestina 
contents,  and  may  therefore  be  formed  during  normal  digestion 
but  whether  an  insignificant  quantity  or  a  considerable  quantity 
of  the  proteid  material  of  food  is  thus  hurried  into  a  cirstal 
line  form  cannot  be  definitely  stated.     The  extent  to  which  th( 
action  is  carried  is  probably  different  in  difierent  animals,  an< 
probably  varies  also  according  to  the  nature  of  the  meal  and  thi 
condition  of  the  body.     Possibly  when  a  large  and  unnecessar 
quantity  of  proteid  material  is  taken  at  a  meal  together  with  othe 
substances,  no  inconsiderable  amount  of  the  proteids  undergo  thi 
profound  change,  and,  as  we  shall  see,  rapidly  leave  the  body  a 
urea,  without  having  been  used  by  the  tissues,  their  contributio] 
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to  the  energy  of  the  body  being  limited  to  the  heat  given  out 
during  the  changes  by  which  they  are  converted  into  urea.  To 
this  apparently  wasteful  use  of  proteids  we  shall  return  in  speaking 
of  what  is  called  the  *  luxus  consumption'  of  food. 

§  282.  In  dealing  with  the  action  of  pancreatic  juice  we  drew 
attention,  §  249,  to  the  diflFerence  between  the  results  of  pure 
tryptic  digestion  and  those  obtained  when  bacteria  or  other 
micro-organisms  were  allowed  to  be  present.  We  saw  that  indol, 
for  example,  was  the  product  of  the  action  of  these  organisms,  not 
of  trypsin.  Now  indol  is  formed,  in  varying  quantity,  during  the 
digestion  which  actually  takes  place  in  the  mtestine,  some  of  it  at 
times  appearing  in  the  urine  as  indigo-yielding  substance  (indican). 
Moreover  bacteria  and  other  micro-organisms  are  present  in  the 
mtestinal  contents.  Hence  we  must  regard  the  changes  taking 
place  iu  the  intestine  not  as  the  pure  results  of  the  action  of  the 
several  digestive  juices,  but  as  these  results  modified  by  or  mixed 
^th  the  results  of  the  action  of  micro-organisms.  We  spoke 
above,  §  247,  of  bile  as  being  antiseptic,  but  this  must  be  under- 
stood as  meaning  not  that  the  presence  of  bile  arrests  the  action 
of  all  micro-organisms  within  the  intestine,  but  that  it  modifies 
their  action,  keeping  it  within  certain  limits  and  along  certain 
lines. 

Concerning  the  exact  nature  and  extent  of  the  changes  thus 
due  to  micro-organisms  our  knowledge  is  at  present  very  imperfect. 
The  proteids  and  the  carbohydrates  seem  to  be  the  food  stuffs  on 
^hich  these  organisms  produce  their  chief  effect.  Out  of  the 
pioteids  they  give  rise  not  only  to  indol  but  to  several  other 
impounds,  among  which  may  be  mentioned  phenol  (Cfifi),  of 
^hich  a  small  quantity  may  be  recognized  in  the  faeces,  the  rest 
being  absorbed  and  appearing  in  the  urine  in  the  form  of  certain 
phenol-compounds,  sucn  as  phenyl-sulphuric  acid.  Out  of  proteids 
"^ey  may  also  form  the  peculiar  poisonous  bodies  called  ptovfiaines, 
^bich  appear  in  the  ordinary  putrefaction  of  proteids.  But  their 
J'^ost  conspicuous  effects  are  those  on  the  carbohydrates.  As  the 
*ood  descends  the  intestine,  the  presence  of  lactic  acid  becomes 
^^^  and  more  obvious;  indeea  in  some  cases  the  naturally 
alkaline  reaction  of  the  intestinal  contents  may  in  the  lower  part 
of  the  intestine  be  changed  into  an  acid  one  by  the  presence  of 
*^tic  acid.  Now  lactic  acid  may  be  formed  out  of  sugar  by 
Jiaeans  of  a  special  organism  inducing  what  is  spoken  of  as  the 
*^tic  acid  fermentation.  And  we  have  every  reason  to  believe 
^t  in  even  normal  digestion,  a  certain  quantity  of  sugar,  either 
^ten  as  such,  or  arising  from  the  amylolytic  conversion  of  starch, 
<*oe8  not  pass  away  from  the  intestine  into  the  blood  as  sugar,  but 
^dergoes  this  fermentation  into  lactic  acid.  To  wh^t  extent  this 
change  takes  place  we  do  not  know ;  the  amount  probably  varies 
according  to  the  amount  of  carbohydrates  eaten,  the  condition  of 
the  alimentary  canal,  and  other  circumstances.     It  may  be  under 
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certain  circumstances  simply  a  part  of  normal  digestion ;   under* 
other  circumstances  it  may  be  excessive  and  give  rise  to  troublea 

That  fermentative  changes  may  occur  in  the  small  intestine  is 
further  indicated  by  the  mcts  that  the  gas  there  present  may 
contain  free  hydrogen,  and  that  chyme  after  removal  fix)m  the 
intestine  continues  at  the  temperature  of  the  body  to  produce 
carbonic  acid  and  hydrogen  in  equal  volumes.  This  suggests  the 
possibility  of  the  sugar  of  the  intestinal  contents  undergoing  the 
butyric  acid  fermentation  during  which,  as  is  well  known,  carbonic 
anhydride  and  hydrogen  are  evolved.  By  this  change  the  sugar  is 
removed  from  the  carbohydrate  group  into  the  fatty  acid  group ; 
it  is  thus,  so  to  speak,  put  on  its  way  to  become  fat.  We  shall 
see  hereafter  that  sugar  may  be  somewhere  in  the  body  con- 
verted into  fat ;  this  conversion  however  takes  place  chiefly  if  not 
wholly  in  the  tissues,  and  such  change  as  may  take  place  in  the 
alimentary  canal  is  to  be  regarded  as  suggestive  rather  than  as 
important. 

The  hydrogen  thus  occurring  in  the  intestine  may  also  arise 
from  the  proteid  decompositions  spoken  of  above.  However  arising 
it  may  act  as  a  reducing  agent,  reducing  sulphates  for  instance,  and 
thus  giving  rise  to  sulphides  and  to  sulphuretted  hydrogen ;  as  a 
reducing  agent  it  assists  in  the  formation  of  the  faecal  and  urinaiy 
pigmenta 

Thus  during  the  transit  of  the  food  through  the  small  intestine, 
by  the  action  of  the  bile  and  pancreatic  juice,  and  possibly  to  some 
extent  of  the  succus  entericus,  assisted  by  various  micro-organisms, 
the  proteids  are  largely  dissolved  and  converted  into  peptone  and 
other  products,  the  starch  is  changed  into  sugar,  the  sugar  possibly 
being  in  part  further  converted  into  lactic  or  other  acids,  and  the 
fats  are  largely  emulsified,  and  to  some  extent  saponified.  These 
products,  as  they  are  formed,  pass  into  either  the  lacteals  or  the 
portal  blood  vessels,  so  that  the  contents  of  the  small  intestine,  by 
the  time  they  reach  the  ileo-csecal  valve,  are  largely  but  by  no 
means  wholly  deprived  of  their  nutritious  constituents.  So  far  as 
water  is  concerned,  the  secretion  of  water  into  the  small  intestine 
maintains  such  a  relation  to  the  absorption  from  it  that  the 
intestinal  contents  at  the  end  of  the  ileum,  though  much  changed, 
are  about  as  fluid  as  in  the  duodenum. 

In  the  Large  Intestine. 

§  283.  The  contents,  whether  alkaline  or  not  in  the  ileum 
now  become  once  more  distinctly  acid.  This,  however,  is  not 
caused  by  any  acid  secretion  from  the  mucous  membrane:  the 
reaction  of  the  intestinal  walls  in  the  large  as  in  the  small 
intestine  is  alkaline.  It  must  therefore  arise  from  acid  fermenta- 
tions going  on  in  the  contents  themselves;  and  that  fermentations 
do  go  on  is  shewn  by  the  appearance  of  marsh  gas  as  well  as 
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hydrogen  in  this  portion  of  the  alimentary  canal.  The  character 
and  amount  of  fermentation  probably  depend  largely  on  the  nature 
of  the  food,  and  probably  also  vary  in  different  animals. 

Of  the  particular  cnanges  which  take  place  in  the  large  in- 
testine we  have  no  very  definite  knowledge ;  but  it  is  exceedingly 
probable  that  in  the  voluminous  caecum  of  the  herbivora  a  large 
amount  of  digestion  of  a  peculiar  kind  goes  on.  We  know  that  m 
herbivora  a  considerable  quantity  of  cellulose  disappears  in  passing 
through  the  alimentary  canal,  and  even  in  man  some  is  digesteoL 
It  seems  probable  that  this  cellulose  digestion  takes  place  in 
the  large  intestine,  and  is  the  result  of  fermentative  changes 
carried  out  by  means  of  micro-organisms,  marsh  gas  being  one 
of  the  products  formed  at  the  same  time. 

Be  this  as  it  maj^,  whether  digestion,  properly  so  called,  is  all 
but  complete  at  the  ileo-caecal  valve,  or  whether  important  changes 
still  await  the  chyme  in  the  large  intestine,  one  great  characteristic 
of  the  work  done  in  the  colon  is  absorption.  By  the  abstraction  of 
all  the  soluble  constituents,  and  especially  by  the  withdrawal  of 
water,  the  liquid  chyme  becomes  as  it  approaches  the  rectum  con- 
verted into  the  firm  solid  faeces,  and  the  colour  shifts  from  the 
bright  orange,  which  the  grey  ch3rme  gradually  assumes  after 
^mixture  with  bile,  into  a  darker  and  dirtier  brown. 

The  Fceces. 

§  281.  These  consist  in  the  first  place  of  the  indigestible  and 
undigested  constituents  of  the  meal :  shreds  of  elastic  tissue,  hairs 
*nd  other  homy  elements,  much  cellulose  and  chlorophyll  firom 
vegetable,  and  some  connective  tissue  firom  animal  food,  fiugments 
^f  disinteOTated  muscular  fibre,  fat-cells,  and  not  unfirequently 
undigestea  starch-corpuscles.  The  amount  of  each  must  of  course 
vary  very  largely  according  to  the  nature  of  the  food,  and  the 
^gestive  powers,  temporary  or  permanent,  of  the  individual.  In 
the  secona  place,  to  these  must  be  added  substances  not  distinctly 
^^^ognisable  as  parts  of  the  food  but  derived  for  the  most  part 
*^tti  the  secretions  of  the  alimentary  canal.  The  faeces  contain 
^ucus  in  variable  amount,  sometimes  albumin,  cholesterin,  butyric 
^^i  other  fatty  acids,  lime  and  magnesia  soaps,  colouring  matters, 
^^i  inorganic  salts,  especially  earthy  phosphates,  crystals  of 
^niinonio-magnesia  phosphates  being  very  conspicuous.  The 
J^^ion  is  generally  but  not  always  acid.  They  also  contain  a 
fennent  similar  in  its  action  to  pepsin,  and  an  amylolytic  ferment 
^milar  to  that  of  saliva  or  pancreatic  juice.  The  bile  salts  are 
'^presented  by  a  small  quantity  of  cholalic  acid,  or  some  product 
^f  that  body,  and  sometimes  a  very  small  quantity  of  taurin.  The 
?lycin  and  most  or  all  of  the  taurin  have  been  absorbed  from  the 
^testine,  and  the  cholalic  acid  has  been  partly  absorbed  and  partly 
^t^omposed.     The  fact  that  the  faeces   become  'clay-coloured' 
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when  the  bile  is  cut  off  from  the  intestine  shews  that  the  bil 
pigment  is  at  least   the  mother  of  the  £»cal  pigment;   and 
special  pigment,  which  has  been  isolated  and  call^  stercobilin, : 
said  to  be  identical  with  the  substance  called  urobilin,  which  m 
be  formed  from  bilirubin.     As  other  special  constituents  of  t 
feces  may  be  mentioned  excretin,  a  somewhat  complex  nitrogeno 
body,  whose  exact  chemical  nature  is  at  present  uncertain, 
skatol  (CgH^),  a  nitrogenous  body  which   like   indol  is  deriv 
from  the  decomposition  of  proteids  by  means  of  micro-orgamsm^c" 
and  which  is  the  chief  cause  of  the  faecal  odour,  since  only  a  s 
quantity  of  indol  remains  in  the  fsecea     These  odoriferous  bodi^ 
are  derived  directly  from  the  food ;  at  the  same  time  it  is  qui 
possible  that  other  specific  odoriferous  substances  may  be  secre 
directly  from  the  intestinal  wall,  especially  frx)m  that  of  the 
intestine. 
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!86.  We  have  seen  that  absorption  does^  or  at  least  may, 
tlaee  from  the  stomach.  We  have  also  stated  that  a  large 
>tion,  especially  of  water,  occurs  along  the  whole  large  intes- 
Nevertheless  it  is  during  the  transit  of  food  along  the 
intestine  that  the  largest  and  most  important  part  of  the 
^  material  passes  away  from  the  canal,  partly  into  the 
s,  partly  into  the  portal  vessels.  The  portal  vessels  are 
'  parts  of  the  general  vascular  system;  the  lacteals,  into 
we  may  at  once  say  the  greater  part  of  the  &,t  passes,  are 
rly  parts  of  the  general  lymphatic  system,  being  in  fact  the 
atic  vessels  of  the  alimentary  canal,  and  especially  of  the 
intestine.  The  only  reason  for  the  special  name  of  lacteals 
b,  unlike  the  lymphatic  vessels  of  other  parts  of  the  body, 
mphatics  of  the  intestine  contain  at  tmies  a  fluid  of  a 
white  appearance.  Hence  for  the  better  understanding  of 
tion  by  the  lacteals  it  will  be  desirable  to  study  at  some 
I  the  whole  subject  of  the  l3rmphatic  system, 
e  lymphatic  vessels  may  be  said  to  begin  in  minute 
es,  possessing  special  characters,  known  as  lymph-capil- 
Broadly  speaking  these  lymph-capillaries  are  found, 
\  mammal,  in  all  parts  of  the  body  m  which   connective 

is  found;  and  thev  have  special  connections  with  those 
B  spaces  in  connective  tissue  which  we  have  already  more 
•nee  spoken  of  as  lymph-spaces.  Of  all  the  varied  frinctions 
nective  tissue  perhaps  the  most  important  is  this  relation 
5  lymphatic  system;  in  nearly  every  part  of  the  body 
xtive  tissue  serves  as  the  bed  or  origin  of  lymphatic  vessels, 
ese  Ijnnph-capillaries,  which,  as  we  shall  see,  are  frequently 
ed  in  plexuses,  are  continuous  with  other  passages  also 
B  but  of  a  different  and  more  regular  structure,  the 
atic  vessels   proper,  which  are   gathered   into   larger  and 

vessels,  all   running  like  the  blood  vessels  in   a  bed  of 
;tive  tissue,  until  at  last  all  the  lymphatic  vessels  of  the 

31 
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body  join  either  the  great  thoracic  duct  which  opens  by  a  valvul 
orifice  into  the  venous  system  at  the  junction  of  the  left  juguL 
and  subclavian  veins,  or  the  small  right  lymphatic  trunk  whi^ 
similarly  opens  into  the  junction  of  the  right  jugular  and  sil 
clavian  veins.     The  latter  course  is  taken  by  the  lymphatics  ' 
the  right  side  of  the  head  and  neck,  the  right  arm,  the  right  si* 
of  the  chest,  the  right  lung  and  the  right  side  of  the  heart,  as  w 
as  by  some  vessels  coming  firom  part  of  the  upper  siirface  of  t 
liver ;  all  the  rest  of  the  lymphatics  including  the  lacteals  fall  in 
the  thoracic  duct. 

The  lymphatic  vessels,  while  like  the  veins  they  join  in  the 
course  into  larger  and  larger  trunks,  do  not  increase  in  calibre 
rapidly  or  so  regularly  as  do  the  veins;  they  may  run  for  som^ 
distance  without  greatly  increasing  in  size;  and   further  they, 
unlike  the  veins,  freely  anastomose,  forming  plexuses.     Moreover 
during  their  course  they  enter  into  peculiar  relations  with  struc- 
tures Known  as  lymphatic  glands. 

It  will  be  advantageous  to  consider  separately  the  lymphatic 
vessels  other  than  the  lymph-capillaries,  the  lymph-capularies 
themselves,  and  the  lymphatic  glands. 

The  Lymphatic  Vessels. 

§  286.  On  these  we  need  not  dwell  at  length  since  their 
structure,  in  all  essential  respects,  resembles  that  of  the  veins. 
The  thoracic  duct,  which  in  man  has  at  its  lower  end  where  it 
is  widened  into  what  is  sometimes  called  the  receptaculum  chyli  a 
diameter  of  six  or  seven  millimetres,  but  is  narrower  higher  up, 
may  be  said  to  possess  three  coats.  The  inner  coat  consists  of  a 
layer  of  fusiform  epithelioid  cells,  not  unlike  those  in  a  vein  but 
more  elongate  and  with  a  tendency  to  be  sinuous  in  outline,  and 
of  a  slender  elastic  lamina  on  which  these  rest.  The  middle  coat 
consists  of  fine  bundles  of  plain  muscular  fibres,  which  are  for  the 
most  part  disposed  circularly  but  also  to  a  certain  extent  obliquely 
and  even  longitudinally.  The  spaces  between  the  bundles  of  muscu- 
lar fibres  are  occupied  by  connective  tissue  and  networks  of  elastic 
fibres.  The  outer  coat,  which  is  not  well  defined  either  from  the 
middle  coat  on  the  one  side  or  the  connective  tissue  surrounding 
the  duct  on  the  other  side,  consists  chiefly  of  connective  tissue 
with  elastic  elements,  a  few  muscular  fibres  being  sometimes 
present.  The  wall  of  the  thoracic  duct  is  essentially  muscular, 
and  from  the  scantiness  of  connective  tissue  and  of  elastic  elements 
is  more  tender,  more  apt  to  be  torn  than  the  wall  of  a  vein  of 
corresponding  size.  Numerous  valves  are  present,  these  like  the 
valves  of  the  veins  being  foldings  of  the  inner  coat. 

The  smaller  vessels  resemble  in  structure  the  thoracic  duct, 
the  coats  being  of  course  more  slender.  In  the  majority  of  even 
smaller    l}rmphatic   vessels    the    muscular    fibres   are    abundant 
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Valves  are  especially  numerous,  and  in  many  of  the  vessels,  as  for 

instance  in  those  of  the  mesentery,  just  above  each  valve,  where 

the  tube  is  somewhat  swollen,  the  muscular  fibres,  which  elsewhere 

Are  chiefly  disposed  circularly,  run  in  various  directions  so  as  to 

ft>jnn  a  contractile  network. 

The  smallest  vessels,  springing  from  the  distinct  lymph- 
<5a»I)illarie8  to  be  immediately  described,  consist  of  hardly  more 
tlxau  an  epithelioid  lining  resting  on  a  scanty  connective  tissue 
l>«i^  The  epithelioid  cells  are  still  fusiform  and  regular  in  shape, 
*i^<l  the  calibre  of  each  vessel  is  fairly  uniform  though,  owing  to  the 
>'«^lve8  which  are  exceedingly  numerous,  there  is  a  CTeat  tendency 
^o  become  beaded.  These  smaller  vessels  like  the  others  also 
^-i^astomose  finely. 

Lymph-Capillaries, 

§  287.     The  smallest  lymphatic  vessels  just  described  might, 

»m  analogy  with   the   blood  vessels,  almost   be   considered   as 

rillary   vessels;    but  the  name   lymph-capillaries   is   given   to 

v'^sssels  which  joining  and  feeding  those  just  described   possess 

^^^ly  different  characters.     They  are  on  the  whole  larger  in  calibre 

^Ixaan  these,  and  distinctly  larger  than  blood  capillaries ;  they  are 

^^ceedingly  irregular  in  shape,  and  in  their  junctions  with  each 

^tter   form    irregular    labyrmths   rather  than   formal   plexuses; 

^'^^y  possess  no  valves  and  their  only  coat  is  an  epithelium  of  a 

y^iy  striking  character.     Like  the  blood  capillaries  their  structure 

*^  i^vealed  by  the  action  of  silver  nitrate.     When  a  piece  of  tissue 

^^^utaining  lymph-capillaries,  ex.  gr.  one  taken  from  the  tendinous 

Portion  oi  the  diaphragm,  is  examined  after  proper  treatment  with 

?^lver  nitrate,  numerous  spaces,  on  the  whole  tubular  but  highly 

^*'^^^lar  in  form,  joining  into  an  irregular  labyrinth,  are  seen  to 

*^^  hned  with  a  layer  of  epithelioid  plates  of  a  peculiar  kind.   Each 

plate  or  cell,  which  is  more  or  less  polygonal  or  at  least  not  dis- 

^'^^ctly  fusiform,  is  marked  out  by  lines  which  are  not  straight  and 

^Ven,  but  very  markedly  sinuous,  the  several  bulgings  of  one  cell 

^ove-tailing  into  the  depressions  of  its  neighbours  and  vice  versa. 

^Uch  epithelioid  plates  of  sinuous  outline,  or  such  a  sinuous 

epithelium,  as  we   mav  for  brevity's  sake   say,  is   characteristic 

^^  the  lymph-capillanes.     A  lymph-capillary  is  in  fact  merely 

^  space  or  areola  of  connective  tissue,  sometimes  more  or  less 

tubular  but  frequently  irregular  in  form,  lined  by  a  single  layer 

^f  flat,  transparent,  nucleated  epithelioid  plates,  each  of  which 

possesses  a  remarkably  sinuous  outline.     The   lymph-capillaries 

Anastomose  freely  with  each  other  and   open   into   or  join   the 

^iiudlest  regular  lymphatic  canals,  which,  many  of  them  smaller 

^^  the  lymph-capillaries,  are  distinguished  from  these  by  their 

Dtore  regular  disposition,  by  their  epithelioid  plates  being  fusiform 

with  very  little  sinuosity  of  outline,  and  by  the  presence  of  valves. 

31—2 
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The  lacteal  radicle  of  a  villus  (§  262)  is  such  a  lymph- 
capillary,  more  or  less  tubular  in  form^  or  perhaps  club-shaped 
and  sometimes  bifurcate  or  branched,  placed  by  itself  in  the  midst 
of  the  reticular  tissue  of  the  villus,  ending,  or  as  we  should  perhaps 
say  beginning,  blindly  near  the  apex  of  the  villus  and  joining 
below  by  a  valvular  mouth  a  regular  lymphatic  canal  forming  part 
of  the  network  of  regular  lymphatic  vessels  with  which  as  well  as 
with  lymph-capillaries  the  connective  tissue  of  the  mucous  mem- 
brane is  furnished. 

In  other  parts  of  the  body  where  connective  tissue  runs, 
lymph-capillanes  are  more  or  less  abundant,  all  passing  their 
contents  on  to  the  more  regular  lymphatic  canals.     In  certain 

Earts,  as  for  instance  in  the  central  nervous  system,  the  smaller 
lood  vessels  are  surrounded  by  large  lymph-capillaries,  or  by 
regular  lymphatic  vessels,  in  the  shape  of  tubular  sheaths.  In 
these  cases  the  lymph-capillary  forms  a  sort  of  hollow  jacket 
around  the  artery  or  vein  which,  covered  with  a  layer  of  sinuous 
epithelioid  plates,  lies  in  the  middle  of  a  tubular  space  lined  with 
smiilar  sinuous  plates.  The  plasma  which  exudes  through  the 
walls  of  the  blood  vessel  passes  accordingly  at  once  into  the 
tubular  space  or  interior  of  the  IjTnph-capillary,  whence  it  is 
carried  away  into  the  regular  lymphatic  canals.  Such  an  arrange- 
ment is  spoken  of  as  a  "  perivascular  lymphatic.** 

§  288.  The  lymph-capillaries  may  in  one  sense  be  regarded 
as  the  beginnings  of  the  lymphatic  system ;  they  are  the  first 
lymphatic  passages  definitely  Imed  with  a  continuous  epithelium. 
But  lymph  exists  outside  these  capillaries.  In  treating  of  connec- 
tive tissue  §  105  we  more  than  once  spoke  of  the  spaces  between 
the  interlacing  bundles  of  fibrillae  as  lymph-spaces;  and  indeed 
they  are  during  life  occupied  by  fluid  which  may  be  spoken  of  as 
lymph.  It  is  fluid  which  has  in  some  way  or  other  passed  into 
them  from  the  blood  stream,  through  the  walls  of  the  capillaries 
and  other  minute  blood  vessels.  We  shall  speak  of  this  passage  as 
a  process  of  transudation  and  shall  consider  its  nature  later  on. 
Many  of  the  larger  of  these  spaces,  the  areoUe  of  areolar  connec- 
tive tissue,  are  completely  lined  by  epithelioid  plates  with  sinuous 
outlines;  these  are  in  fact  lymph-capillaries.  But  many  spaces, 
especially  the  smaller  ones,  are  not  so  lined ;  these  lie  outside 
the  lymph-capillaries.  Nevertheless  they  contain  lymph,  which 
reaching  them  by  transudation  through  the  walls  of  the  blood 
vessels,  streams  firom  them  in  some  way  or  other  into  the  lymph- 
capillaries  and  so  into  the  other  lymphatic  vessels.  Coloured 
fluid  injected  by  means  of  a  fine  syringe  into  these  spaces  soon 
finds  its  way  into  the  lymphatics;  and  besides,  in  the  vast  majority 
of  cases,  a  certain  number  of  these  spaces  always  intervene  between 
the  wall  of  the  capillary  or  other  small  blood  vessel  from  whence 
the  lymph  comes  and  the  lymph-capilhuy  to  which  the  lymph 
goes ;  the  lymph  must  have  some  means  or  other  of  passing  from 
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the  spaces  into  the  lymph-capillary.  It  is  of  course  possible  that 
the  lymph  transudes  from  the  lymph-space  into  the  lymph- 
capillary  through  the  continuous  sheet  of  epithelioid  plates,  in 
the  same  manner  that  it  transudes  from  the  blood-capillary  into 
the  lymph-space  through  the  similarly  continuous  wall  of  the 
<»pillaiy ;  but  there  are  some  reasons  for  thinking  that,  at  places, 
the  epithelioid  lining  of  a  lymphatic  capillary  may  be  imperfect 
^i  80  allow  the  mterior  of  the  lymph-capillary  to  open  out 
into  a  connective-tissue  space. 

It  will  be  remembered  that,  in  the  case  of  some  of  these  spaces, 

^  comiective-tissue  corpuscle  may  be  found  Ijdng  on  the  face  of,  or 

partly  imbedded  in,  one  of  the  bundles  which  form  the  walls  of  the 

^J»ce ;  and  in  some  cases  the  space  appears  as  it  were  imperfectly 

lined  with  scattered  flat  cells,  which  may  perhaps  be  regarded  as 

'r^sitional  forms  between  an  ordinary  branched  connective-tissue 

<^'pU8cle  and   a  sinuous   epithelioid  plate.      We   may   perhaps 

^^td  the  epithelioid  plate  as  a  differentiated  connective-tissue 

^T>Uficle,  whose  sinuosities  of  outline  are   the   remains  of  its 

P^viously  branched  condition.     If  this  be  so  we  may  consider 

the    lymph-capillary  as  a  differentiated  connective-tissue  space, 

*nd   consequently  may  fairly  expect  that  the  one,  if  it  does  not 

^  Suggested  actually  open  into,  should  be  at  all  events  in  easy 

<^namunication  with  the  other.     We  seem  justified  at  least  in 

<^ttcluding  that  the  completely  lined  l3rmph-capillaries  draw  their 

^Pply  of  lymph  from  the  incompletely   lined  connective-tissue 

spaces. 

We  may  probably  go  a  step  still  further.     Many  of  the  con- 
'iective-tissue  corpuscles  are  imbedded  in,  lie  in  cavities  excavated 
<>ut  of,  the  cement  substance  which  unites  the  fibrillse  into  bundles 
*^d  sometimes  joins  the  bundles  together ;  in  some  situations  the 
^rpiiscles  are  similarly  imbedded  in  a  homogeneous  ground  sub- 
sta^^e  which  has  not  become  differentiated  into  fibrillse.      The 
^^tdes  in  which  these  corpuscles  lie  are,  like  the  corpuscles  them- 
f^l^ee,  branched  and  generally  flattened  ;  they  appear  moreover  to 
^  generally  larger  than  the  corpuscles  so  as  to  leave  a  small  space 
^hxoh  can  be  occupied  by  fluid.     Where  two  corpuscles  lie  near 
*^^H  other  their  spaces  may,  by  means  of  the  branches,  communi- 
^^^  ;  and  in  some  situations,  as  in  the  body  of  the  cornea  where  a 
^^'^ber  of  flattened  corpuscles  are  imbedded  in  the  lamina  of 
F^Und  substance  which   unites  each   two  adjacent  parallel  (or 
^^^ler  concentric)  laminae   of  fibrillated  bundles,   the   series   of 
^yities,   uniting  by  their  branches  may  be  regarded   as  con- 
stituting a  labyrinth  of  passages,  largely  but  not  entirely  filled  by 
t-he  corpuscles,  space  being  left  for  some  amount  of  fluid.     That 
fl^id  we  need  hardly  say  is  lymph.     And  though  the  view  is  not 
otie  admitted  on  all  hands,  there  are  reasons  of  some  weight  for 
thinking  that  these  cavities  belonging  to  the  corpuscles  open  out 
into  the  connective-tissue  spaces  just  treated  of  or  even  more 
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directly  into  the  l3rmph-capillaries.  When  a  piece  of  connective- 
tissue,  such  for  instance  as  that  lying  between  the  radiating 
bundles  of  the  tendon  of  the  diaphragm  on  the  pleural  side  is 
treated  in  a  particular  way,  the  result  is  what  is  called  a  "negative 
staining";  tne  matrix  is  stained  brown  but  the  corpuscles  and 
cavities  are  left  unstained,  and  appear  as  irregularly  branched 
clear  patches  standing  out  in  contrast  with  the  brown  matrix. 
In  such  a  preparation  many  of  these  clear  spaces  are  seen  to 
abut  upon  and  apparently  to  lose  themselves  m  a  neighbouring 
lymph-capillary,  which  also  always  stands  out  in  contrast  to  the 
matrix,  appearing  as  a  clear  space  marked  with  the  sinuous- 
outlines  of  its  plates. 

Without  insisting  too  much  on  the  argument  drawn  firom  this 
negative  staining,  and  resting  rather  on  the  £Etcts  previously 
mentioned  and  on  general  considerations,  we  mav  probably  conclude 
that  all  the  spaces  of  connective-tissue,  including  the  cavities  of 
the  corpuscles,  form  a  labyrinth  of  passages  which  is  to  be  con- 
sidered as  the  real  beginning  of  tne  lymphatics,  and  that  this 
irregular  labyrinth  is  in  some  way  or  other  m  fidrly  free  communi- 
cation with  the  more  re^lar  but  still  labjrrinthine  lymph-capillaries, 
lined  by  a  definite  epithelioid  lining,  and  that  from  thence  the 
lymph  passes  on  to  the  regular  and  valved  lymphatic  canals. 

AH  over  the  body  wherever  blood  vessels  go  connective-tissue 
and  lymph-spaces  so  too.  Certain  parts  of  the  plasma  of  the  blood 
passing  through  the  walls  of  the  blood  vessels  become  lymph  in 
these  lymph-spaces.  As  such  it  soaks  through  not  only  the  bundles 
of  gelatiniferous  fibrillse  of  the  connective-tissue  itself,  but  also 
the  basement  membrane  and  so  the  epithelium  of  the  mucous 
membrane  and  its  glands,  the  unstriated  muscular  fibre,  the  sarco- 
lemma  and  muscle  substance  of  the  striated  fibre,  the  neurilemma 
and  contents  of  the  nerve-fibre  of  nerves,  in  fact  the  elements  of  all 
the  tissues  which  are  supplied  with  blood  vessels.  More  than  this, 
lymph  goes  where  blooa  vessels  do  not  go,  and  in  these  situations 
the  value  as  lymph-passages  of  the  cavities  of  the  corpuscles  seems 
most  striking.  In  the  cornea  for  instance  blood  vessels  and 
definitely  constituted  lymphatic  vessels  cease  near  the  periphery,, 
and  the  greater  part  of  the  nutrition  of  the  cornea  (beyond  that 
effected  by  what  we  may  call  mere  imbibition,  that  is  by  the 
passage  of  fluid  between  the  molecules  of  the  actual  substance  of 
the  tissue)  is  carried  on  by  the  stream  of  lymph  through  the  cor- 
puscular cavities.  In  a  similar  way  in  bone  lymph  finds  its  way 
from  the  blood  vessels  of  the  periosteum,  marrow  and  Haversian 
canals  through  the  very  substance  of  the  bone  by  means  of  the 
labyrinth  of  lacunse  and  canaliculi.  And  in  cartilage  we  have 
reason  to  think  that  minute  passages  in  the  matrix  facilitate  the 
transmission  of  lymph  from  the  perichondrium  through  the  body 
of  the  cartilage  from  cartilage  cell  to  cartilage  cell,  far  more 
eflSciently  than  if  its  progress  were  left  to  mere  imbibition.     The 
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^mewhat  peculiar  relations  of  the  lymphatics  in  the  central 
nervous  system  we  shall  consider  when  we  come  to  treat  of  that 
system.  Meanwhile  we  have  said  enough  to  form  a  general  idea 
of  the  arrangements  by  means  of  which  the  very  elements  of  all 
the  tissues  are  bathed  with  lymph,  and  by  means  of  which  that 
lyixiph  is  carried  back  from  the  elements  of  the  tissues  along 
irregular  and  regular  lymphatic  channels  back  to  the  blood  from 
w'lience  it  originally  came. 

§  289.  The  Serous  Cavities,  In  the  mammal  lymph-spaces  are 
for  the  most  part  minute  and  microscopic;  but  in  some  other 
ajiimals  they  may  attain  considerable  size;  in  the  frog  for  instance 
ii^  which  lymph-capillaries  and  l}rmphatic  vessels  are  scanty,  the 
large  subcutaneous  spaces  which  are  disclosed  when  the  skin  of  the 
ba<^  is  cut  through  are  in  reality  lymph-spaces  lined  by  sinuous 
epithelioid  plates.  Both  in  the  mammal  and  other  animals  certain 
lar;^  cavities,  known  as  serous  cavities,  such  as  the  peritoneal, 
pericardial,  pleural  and  other  cavities,  must  be  considered  as  parts 
of  the  general  lymphatic  system,  and  indeed  the  'serous  nuid' 
w-liich  they  contain  is  in  reality  lymph.  The  subarachnoid  space 
surrounding  the  brain  and  spinal  cora  may  also  perhaps  be  regarded 
fts  a  part  of  the  lymphatic  system,  but  this  and  the  contained 
c^erebro-spinal  fluid  we  shall  consider  in  connection  with  the  central 
nervous  system. 

In  the  abdomen  of  the  frog,  on  each  side  of  the  vertebral 
column,  behind  or  above,  i.e.  doi^  to  the  peritoneal  cavity,  lies  a 
l«u^  lymph-space  spoken  of  as  the  cistema  magna  lymphatica,  the 
cavity  of  which  is  separated  from  the  peritoneal  cavity  by  a  thin 
membranous  sheet  consisting  of  a  median  basis  of  connective-tissue 
covered  on  the  peritoneal  side  by  peritoneal  epithelium  and  on  the 
cistema  side  b^  lymphatic  epithehum.     The  latter  consists,  as  in  a 
lymphatic  capillary,  of  flat  epithelioid  plates  with  sinuous  outlines; 
^be  former  is  made  up  also  of  flat  epitnelioid  plates  but  these  are 
^ore  or  less  polygonal  in  shape  and  have  outlines  which  are  not 
distinctly  sinuous.     If  a  piece  of  this  partition,  after  being  stained 
^th  silver  nitrate,  be  spread  out  and  examined  either  with  the 
p^toneal  or  with  the  cistema  side  uppermost,  it  will  be  seen  that 
^  each  case  here  and  there  a  group  oi  cells  assuming  a  triangular 
rorm  appear  to  converge  to  or  radiate  from  a  centre  which  some- 
^pnes,  especially  on  the  lymphatic  side,  is  a  mere  point  but  some- 
times is  a  larger  or  smaller  hole,  which  in  other  words  is  an  orifice 
^f  itoma,  sometimes  closed  but  sometimes  more  or  less  open.     On 
the  peritoneal  surface  the  stoma  is  surrounded  and  guarded  by  a 
<^Wn  of  what  appear  to  be  small  granular  cells  placed  at  the 
^^pices  of  the  converging  epithelioid  plates,  but  whicn  are  held  by 
some  to  be  the  displaced  nuclei  of  the  epithelioid  plates  themselves. 
Around  each  stoma  which  is  in  reality  a  perforation  leading  from 
the  peritoneal  cavity  into  the  cistema,  the  connective-tissue  basis 
between  the  two  epithelioid  layers  is  arranged  in  a  concentric 


488  SEROUS   CAVITIES.  [Book  ii. 

maimer ;  the  whole  arrangement  serves  as  a  communication  firom 
the  peritoneal  cavity  into  the  cistema,  and  by  these  stomata  the 
peritoneal  fluid  passes  into  the  cistema  and  so  into  the  general 
lymphatic  system.  Owing  to  causes  which  we  shall  study  presently 
the  contents  of  the  small  lymphatic  vessels  and  such  spaces  as  the 
cistema  are  continually  being  drained  by  the  vascular  sjrstem ;  the 
cistema  is  continually  tending^  to  empty  itself  and  so  to  draw  fluid 
from  the  peritoneal  cavity  through  the  stomata.  In  the  female 
frog  the  small  granular  cells  encircling  the  stomata  are,  during  the 
breeding  season  provided  with  cilia,  the  action  of  which  increases  the 
current  from  the  peritoneum  through  the  stoma  into  the  cistema. 

In  the  mammal  similar  stomata  place  the  serous  cavities  in 
connection  with  the  lymphatics  of  the  walls  of  those  cavities. 
They  may  be  readily  seen  in  the  tendon  of  the  diaphragm. 
The  peritoneal  membrane  of  the  mammal  as  of  the  frog  consists 
of  a  single  layer  of  flat  epithelioid  plates  lying  on  a  connective- 
tissue  basis;  the  plates,  smaller  than  those  in  the  frog,  are  polygonal 
in  form,  and  their  outline  is  not  sinuous.  On  the  tendon  of  the 
diaphragm  the  epithelioid  plates  over  the  radiating  spaces,  or 
clefts  between  the  radiating  bundles  of  the  tendon,  are  smaller  than 
over  the  bundles  themselves,  and  along  the  lines  of  these  radi- 
ating intertendinous  spaces  may  be  seen  stomata,  orifices  guarded 
by  small  cells,  similar  to  but  smaller  than  and  less  conspicuous 
than  those  just  described  as  seen  in  the  frog.  These  stomata 
open  into  the  lymphatics  which  are  abundant  in  the  connective 
tissue  lying  between  the  radiating  bundles  of  the  tendon  of  the 
diaphragm,  and  through  them  the  fluid  of  the  peritoneal  cavity 
passes  away  into  the  lymphatics  of  the  diaphragm  and  so  into  the 
general  lymphatic  system.  The  movements  of  the  diaphragm  in 
breathing,  of  which  we  shall  have  to  speak  presently,  greatly  assist 
the  flow  through  the  stomata;  and  even  passive  movements  of 
the  diaphragm  are  effectual  for  this  purpose.  If  a  quantity  of 
injection  material,  such  as  a  solution  of  Berlin  blue,  be  injected 
into  the  peritoneal  cavity  of  a  living  animal  it  soon  enters  into  and 
injects  the  lymphatics  of  the  diaphragm,  and  a  similar  injection 
may  be  obtamed  in  a  dead  but  recently  killed  animal  by  placing 
the  animal  with  its  head  downwards,  injecting  the  colouring 
matter  into  the  abdomen,  or  even  pouring  it  into  the  hollow  of 
the  diaphragm,  and  then  producing  movements  of  the  diaphragm 
by  a  rhythmically  repeated  artificial  respiration.  Not  only 
coloured  fluids  but  coloured  material  merely  suspended  in  fluid 
and  such  things  as  the  globules  of  fat  in  milk,  or  even  red  blood 
corpuscles  may  thus  find  their  way  from  the  peritoneal  cavity  into 
the  lymphatics  of  the  diaphragm.  Indeed  if  a  piece  of  the 
diaphragm  of  a  recently  killed  animal  be  stretched  out  and  milk 
poured  upon  it,  the  fat  globules  of  milk  may  be  seen  with  the  aid 
of  a  lens  or  microscope  to  disappear  through  the  stomata  in  a 
number  of  minute  vortices. 
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By  similar  stomata  the  pleural  cavity  is  put  into  communica- 
tion with  the  lymphatics  not  only  of  the  diaphragm  (on  its 
pleural  surface)  but  also  of  the  lungs,  and  to  a  smaller  extent  of 
the  thoracic  walls,  and  during  the  movements  of  the  chest  in 
breathing  the  contents  of  the  pleural  cavity  are  continually  being 
pumped  away,  partly  into  the  lymphatics  of  the  lungs  partly  into 
thoee  of  the  diaphragm  and  chest  walls.  In  a  similar  manner 
pericardial  fluid  passes  away  from  the  pericardial  cavity,  and  the 
fluid  in  other  smaller  serous  cavities  such  as  that  surrounding  the 
testis,  passes  away  from  the  respective  cavities  into  the  general 
lymphatica  The  quantity  of  fluid  in  even  the  largest  of  these 
cavities  is  at  any  one  time  in  normal  conditions  very  small,  but 
that  fluid  appears  to  be  continually  renewed,  old  fluid  passing 
away  to  the  lymphatic  system,  and  new  fluid  taking  its  place. 
The  serous  cavities  therefore  are  to  be  regarded  as  expanded 
initial  reservoirs  from  which  as  well  as  from  the  lymph-capillaries 
and  lymph-spaces  of  the  tissues  the  lymph  stream  is  continually 
being  fed. 

The  Structure  of  Lymphatic  Olands. 

5  290.  Solitary  Follicles  and  Peyera  Patches,  All  along  the 
stnall  intestine  and  at  various  points  of  the  circumference  are 
found,  partly  in  the  submucous  tissue  but  reaching  up  to  the 
sprfiM^  of  the  mucous  membrane,  small  rounded  bodies,  of  the 
^  of  a  small  pin's  head,  more  numerous  perhaps  in  the  lower 
than  in  the  upper  part  of  the  bowel,  often  called  'solitary 
glands.'  They  are  not  glands  however  in  the  sense  (§  209)  of 
being  involutions  of  the  mucous  membrane,  and  it  is  better 
perhaps  to  speak  of  them  as  solitary  follicles.  At  the  free  border 
of  the  small  mtestine,  opposite  to  the  attachment  of  the  mesentery, 
the  mucous  membrane  contains  long  oval  patches,  Peyer's  patches, 
placed  lengthways,  there  being  some  twenty  or  thirty  oi  these ; 
they  are  most  numerous  in  the  ileum  and  disappear  towards  the 
ducxlenum.  Each  patch  is  practically  a  group  of  solitary  follicles, 
and  indeed  these  patches  are  sometimes  spoken  of  as  agminated 
foUides.  In  the  large  intestine  especially  at  the  caecum,  and  in 
'^  particularly  in  the  vermiform  appendix,  solitary  follicles  are 
abunaant,  but  here  they  lie  wholly  in  the  submucous  tissue  below 
the  muscularis  mucosae.  In  the  stomach  also,  in  young  people, 
there  occur  in  the  mucous  membrane,  generally  between  the 
niouths  of  the  glands,  structures  which  are  very  similar  to  solitary 
follicles  and  which  are  sometimes  called  "  lenticular  glands." 

A  solitary  follicle  consists  essentially  of  a  spherical  mass  of 
^e  adenoid  tissue  the  meshes  of  which  are  crowded  with 
'oncocytes.  In  the  intestine  as  we  have  seen  (§  259)  the  con- 
nective tissue  lying  between  the  epithelium  above  and  the 
niuscularis    mucosae    below    has   a    reticular   arrangement   and 
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contains  leucocytes ;  but  in  the  follicle  the  network  is  finer,  closer 
and  more  regular  than  elsewhere,  the  meshes  are  almost  com- 
pletely filled  with  leucocytes,  and  the  spherical  mass  breaking 
through  the  muscularis  mucosae  reaches  some  way  down  into  the 
submucous  tissue.  Over  the  surface  of  the  follicle,  which  bulges 
somewhat  into  the  interior  of  the  intestine,  villi  may  be  present, 
but  the  glands  of  Lieberkiihn  are  pushed  aside  and  are  found  only 
at  its  circumference.  Into  this  mass  of  adenoid  tissue  one  or 
more  small  arteries  enter  and  break  up  into  a  capillary  network 
the  blood  from  which  is  carried  away  by  one  or  more  small  veins. 
Around  the  mass  there  is  placed  a  more  or  less  well  developed 
spherical  lymph  space,  lined  with  sinuous  epithelioid  plates  and 
continuous  with  the  neighbouring  Ijrmphatic  vessels.  This  lymph 
space  or  lymph'sinus  as  it  is  called  thus  forms  a  hollow  jacket 
filled  with  lymph  round  the  spherical  mass  of  adenoid  tissue,  but  is 
not  complete,  being  broken  by  the  entering  and  issuing  blood 
vessels,  or  by  impeifect  partitions  passing  from  the  tissue  without 
to  the  adenoid  tissue  within.  The  blood  vessels  and  bridles  in 
question  are  covered  by  a  layer  of  epithelioid  plates  continuous 
with  that  lining  the  outer  wall  of  the  jacket,  as  also  with  the  one 
which  more  or  less  completely  invests  the  inner  mass  of  adenoid 
tissue. 

The  leucocytes  which  occupy  the  meshes  are  of  different  aizea 
Some  are  as  large  or  almost  as  large  as  white  blood-corpuscles, 
from  which  indeed  they  chiefly  differ  in  the  feu^t  that  their  nuclei 
exhibit  a  nuclear  network  which  as  we  have  seen  (§  28)  is 
apparently  not  present  in  the  white  corpuscle  of  the  blood.  The 
majority  nowever  are  much  smaller  than  white  blood  corpuscles, 
their  smallness  being  chiefly  due  to  the  small  amount  of  cell- 
substance  surrounding  the  nucleus ;  in  some  only  a  mere  film  of 
cell-substance  can  be  detected  so  that  the  nucleus  appears  almost 
as  a  so-called  '  free '  nucleus.  Many  of  the  leucocytes  may  be  seen 
to  be  undergoing  karyomitosis,  indicating  that  they  are  multi- 
plying by  division;  and  indeed  there  are  many  reasons  for 
thinkmg  that  in  the  adenoid  tissue  of  these  follicles  and  other 
siinilar  structures  a  very  considerable  multiplication  of  leucocytes 
takes  place.  Many  of  the  leucocytes  of  these  follicles  exmbit 
under  favourable  circumstances  amoeboid  movements,  and  the 
smaller  leucocytes,  indeed  even  the  smallest,  seem  at  times  as 
active  as  the  larger  ones. 

A  solitary  follicle  then  may  be  considered  as  consisting  in 
the  first  place  of  a  rounded  capillary  network  fed  and  drainra  by 
small  arteries  and  veins,  all  supported  by  a  minimal  amount  of 
ordinary  connective  tissue.  In  the  second  place  the  interstices 
of  this  vascular  network  are  filled  up  with  adenoid  tissue  the  fine 
meshes  of  which  are  crowded  with  leucocytes  of  variable  but  on 
the  whole  small  size.  Lastly  the  rounded  mass  thus  constituted 
is  surrounded  by  a  lymph  sinus,  the  fluid  of  which  on  the  one  hand 
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bathes  the  mass  and  on  the  other  hand  is  free  to  pass  away  into 
the  neighbouring  lymphatic  canals.  As  the  blood  streams  through 
the  capillary  network  part  of  the  plasma  passing  through  tne 
capillary  wails  becomes  lymph  in  the  meshes  of  the  adenoid  tissue. 
Hence,  after  probably  actmg  on  and  being  acted  on  by  the 
leucocytes,  it  passes  mto  the  lymph  sinus  and  so  away  into  the 
general  lymphatic  stream.  In  all  probability  the  lymph  sinus  is 
chiefly  filled  from  the  fluid  thus  coming  from  the  adenoid  tissue, 
80  that  a  main  current  flows  firom  the  lymph  sinus  into  neighbour- 
ing lymphatics  in  all  directions ;  but  it  may  be  that  the  l}rmph 
sinus  is  partly  supplied  by  the  lymphatics  around,  so  that  some  of 
the  lymph  from  SMdjoining  structures,  while  flowing  in  the  sinus 
around  the  adenoid  tissue,  is  subjected  to  the  action  of  that  tissue. 
In  all  probability  too  the  transit  of  material  from  the  blood  to  the 
adenoid  tissue  is  accompanied  by  a  reyerse  current  from  the 
adenoid  tissue  to  the  blcxxl,  so  that  the  blood  in  passing  through 
the  follicles  not  only  gives  but  also  takes. 

Since  multiplication  of  leucocytes  appears  to  be  continually 
^g  on  in  the  adenoid  tissue  and  smce  the  follicles  do  not 
increase  indefinitely  in  size  some  of  the  leucocytes  must  disappear. 
There  is  eyery  reason  to  think  that  they  pass  away  into  the  lymph 
sbus  and  so  joining  the  general  lymph  stream  become  tne 
ootpuscles  of  the  lymph  of  which  we  shall  presently  speak.  If  the 
central  adenoid  mass  is,  as  some  think,  invested  with  a  continuous 
coat  of  sinuous  epithelioid  plates,  the  leucocytes  which  leave  the 
fidlicle  must  pass  through  the  coat  in  the  same  manner  that  the 
white  corpuscles  of  the  blood  nutate  through  the  walls  of  the 
hlood  vessels ;  but  it  is  more  probable  that,  as  others  think,  the 
coating  is  discontinuous,  the  spaces  of  the  adenoid  tissue  opening 
fr^Iy  at  intervals  into  the  lymph  sinus,  and  thus  aflbrding  an  easy 
pith  not  only  for  the  leucocytes  but  also  for  the  fluid. 

The  lenticular  glands  of  the  stomach  appear  to  be  only  less 
condensed,  less  completely  arranged  masses  of  adenoid  tissue ;  and 
^  we  shall  see  hereafter  small  masses  of  adenoid  tissue  more  or 
1^  condensed,  more  or  less  transformed  into  definite  follicles  are 
n^t  with  in  various  parts  of  the  body. 

§  291.  A  Peyera  Patch  is,  as  the  phrase  "  laminated  ^land  " 
^cates,  merely  an  aggregation  of  solitary  follicles.  A  well 
'''^ed  Peyer's  patch  consisto  of  a  variable  number,  in  man  fifty 
cf  even  a  hundred  or  fewer,  of  solitary  follicles  arranged  in  a 
^gle  layer  close  under  the  epithelium,  but  stretching  down  into 
^^  submucous  tissue,  the  distinction  of  which  from  the  mucous 
ntembrane  proper  is  to  a  great  extent  lost  by  the  breaking 
^P  of  the  muscularis  mucosae.  Between  the  constituent  follicles 
glands  of  Lieberklihn  are  found  encircling  the  follicles,  and  villi 

Eject  from  the  surface,  while  between  and  below  the  glands 
yd  vessels  and  lymphatics  are  abundant     Over  each  mllicle 
both  glands  and  villi  are  absent  so  that  the  upper  surface  of  the 
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follicle  is  in  contact  with  the  epithelium  of  the  intestine,  which  is 
here  shorter  and  more  cubical  than  elsewhere. 

Each  follicle  consists  of  a  somewhat  spherical  vascular  mass 
of  adenoid  tissue  surrounded  more  or  less  completely  by  a  lymph 
sinus ;  in  fact  the  structure  of  each  of  these  aggregated  follicles 
repeats  so  completely  that  of  a  solitary  follicle  that  the  same 
description  and  discussion  will  serve  for  both. 

§  292.  Lymphatic  glands.  If  the  structure  of  a  follicle  just 
described  be  borne  in  mind,  that  of  a  lymphatic  gland  is 
made  more  easy ;  for,  as  a  Peyer's  patch  is  a  mere  aggregation  of 
otherwise  unchanged  follicles,  so  a  lymphatic  gland  is  a  collection 
of  similar  follicles  differentiated  into  a  compact  and  somewhat 
complex  organ. 

A  typical  lymphatic  gland  has,  though  the  form  varies  a  good 
deal,  the  shape  of  a  kidney,  in  so  far  at  all  events  that  a  more  or 
less  convex  side  can  be  distinguished  from  a  concave  side  in  which 
is  placed  the  hilus  where  the  blood  vessels  enter  and  issue ;  from 
the  hilus  also  issue  lymphatic  vessels,  which  since  they  cany 
lymph  away  from  the  gland  are  called  efferent  Ivmphatics.  The 
afferent  vessels  carrying  lymph  to  the  gland  pass  mto  the  gland  in 
a  scattered  fashion  on  the  convex  side. 

The  gland  is  invested  by  a  capsule  of  connective  tissue, 
containing  in  the  case  of  many  animals  a  very  considerable 
number  of  plain  muscular  fibres.  Two  layers  may  at  times  be 
distinguished  in  the  capsule:  an  outer  layer  of  coarser  and  an 
inner  layer  of  finer  connective  tissue,  a  rich  plexus  of  lymphatic 
vessels  being  placed  between  the  two.  From  the  capsule  a 
number  of  partitions  or  trabecules,  starting  from  various  points  of 
the  surface  and  consisting,  like  the  capsule,  of  closely  interwoven 
bundles  of  connective-tissue  mixed  up  with  a  variable  number  of 
plain  muscular  fibres,  pass  into  the  gland  in  a  direction  converging 
towards  the  hilus.     In  the  outer  or  circumferential  part  of  the 

fland  these  trabecular  are  large,  run  in  a  straight  d&ection,  are 
ut  little  branched,  and  are  so  arranged  that  they  cut  up  the 
outer  part  of  the  gland  into  a  number  of  chambers,  having  more 
or  less  the  form  of  truncated  pyramids,  converging  to  or  ramating 
from  the  inner  portion  of  the  gland  near  the  hilus.  These 
chambers  have  been  called  alveoli,  and  constitute  together  the 
cortex  of  the  gland,  the  inner  portion  being  called  the  meduHa. 
On  reaching  the  medulla  the  trabeculse,  the  course  of  which  as  we 
have  just  said  ia  in  the  cortex  on  the  whole  straight  and  unbranched, 
rapidly  divide  becoming  thinner  and  more  slender  and,  running 
and  joining  together  in  all  directions,  form  an  irregular  open 
network  giving  rise  to  a  labyrinth  of  passages  into  which  the 
alveoli  of  the  cortex  open. 

The  trabeculse  in  fact  starting  from  the  capsule  divide  the 
gland  into  a  number  of  spaces  which  in  the  cortex  are  arranged 
m  a  regular  manner  and  have  the  form  of  converging  chambers  or 
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alveoli,  communicating  laterally  with  each  other  to  a  small  extent 
only,  but  which  in  the  medulla  rapidly  diminish  in  size  and, 
opening  freely  into  each  other  on  all  sides,  form  a  labyrinth.  At 
tne  hiius  the  medulla  comes  to  the  surface  of  the  gland,  but 
elsewhere  is  separated  fipom  the  surface  by  the  cortex.  The 
number  of  and  regularity  of  division  among  the  alveoli,  and  the 
sharpness  of  distinction  between  the  cortex  and  the  medulla 
differ  in  the  glands  of  different  animals. 

Each    alveolus  of   the   cortex   consists    in    its  central  part, 

constituting  about  two-thirds  or  more  of  the  whole  chamber,  of  a 

inass  of  adenoid  tissue  crowded  with  leucocytes ;  this  mass  which 

follows  the  form  of  the  chamber,  is  wholly  like,  in  fact  repeats 

almost  exactly  the  structure  of  the  mass  of  adenoid  tissue  of  a 

solitary  follicle  of  the  intestine ;  it  is  spoken  of  as  the  follicular  or 

fflandnlar  substance  or  more  briefly  the  follicle,  of  the  alveolus. 

This  follicle  is  separated  on  all  sides  from  the  capsule  and  trabeculse 

which  form  the  walls  of  the  alveolus  (or  from  the  trabeculse  alone 

where  as  in  some  cases  the  alveolus  is  a  small  one  lying  between 

the  larger  superficial  alveoli  and  the  true  medulla)  by  a  space 

which  is  occupied  as  a  rule  not  by  true  adenoid  tissue  but  by  a 

coarser  more  open  reticular  tissue,  the  meshes  of  which  are  larger 

and  less  regular  and  the  bars  of  which  are  more  membranous, 

having   more    the    characters  of   being  branches   of   nucleated 

hranched-cells  than,  as  we  have  seen,  is  the  case  with  true  adenoid 

tissue.    The  meshes  of  this  reticulum  like  those  of  adenoid  tissue 

are  occupied  by  leucocytes ;  but  these  are  not  so  numerous,  and 

nioreover  more   readily   escape    from    this  situation    than   from 

the  follicles,  so  that  when  a  section  of  a  fresh  gland  is  brushed 

^th  a  camel's  hair  pencil  or  shaken  up  in  normal  saline  solution, 

the  spaces  of  which  we  are  speaking  are  to  a  large  extent  cleared 

of  the  leucocytes  previously  present,  while  the  follicular  substance 

still  remains  crowded  with  them.     After  treatment  with  silver 

nitrate  it  is  seen  that  the  surface  of  the  trabeculse  (and  capsule) 

Ordering    this  space    in    each    alveolus  is   lined   with   sinuous 

epithelioid  plates,  and  a  coating  of  similar  plates  may  sometimes 

^  made  out  on  the  surfisu^e  of  the  follicular  substance.     In  other 

^ords    this    space    between    the    trabeculse    and    the    follicular 

^hstance  is  a  lymph-space  corresponding  to  the  lymph  sinus  of 

the  solitary  follicle  of  the  intestine,  and  indeed  is  spoken  of  as  the 

yfnph  sinus  or  lymph  channel ;  the  lymph  sinus  of  an  alveolus  of  a 

lymphatic  gland  differs  from  the  lymph  sinus  of  a  solitary  follicle  of 

toe  intestine  in   its  space   being  much  broken  up  by  reticular 


The  irregular  passages  of  the  medulla  are  similarly  occupied 
^J  a  central  mass  of  follicular  substance  siirrounded  by  a  lymph 
smos;  but,  whereas  in  the  alveoli  the  masses  of  follicular  substance 
take  on  the  form  of  more  or  less  pyramidal  blocks,  in  the  medulla 
the  follicular  substance  is  arranged  in  the  form  of  branching  and 
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anastomosing  cords,  the  vieduUary  cords,  surrounded  by  a  tubular 
branching  and  anastomosing  jacket  of  lymph  sinus.  At  the  junction 
of  the  cortex  and  medulla  the  follicles  of  the  alveoli  of  the  former 
branch  oiF  into  and  become  the  medullary  cords  of  the  latter,  and 
the  lymph  sinuses  of  the  former  are  similarly  continuous  with  the 
labyrinth  of  lymph  sinuses  of  the  latter. 

The  gland  in  fact  may  be  considered  as  consisting  of  three 
parts : — the  skeleton  supplied  by  the  capsule  and  trabeculse  and 
dividing  the  interior  of  the  gland  into  the  regular  alveoli  of  the 
cortex  and  the  labyrinth  of  the  medulla ;  the  follicular  substance 
occupying  the  centre  both  of  the  alveoli  and  of  the  labjointh  and 
continuous  throughout  both,  as  if  it  had  originally  filled  up  the 
whole  of  the  spaces  of  the  skeleton  and  had  subsequently  shrunk 
away  on  all  sides ;  and  lastly  the  lymph  channel  occupying  all  the 
spaces  left  between  the  follicular  substance  and  the  skeleton,  and 
thus  forming  a  lab^nth  of  its  own  throughout  the  gland. 
Obviously  a  lymphatic  gland  is  a  consolidated  and  differentiated 
collection  of  lymphatic  follicles  or  Peyer's  patch.  In  a  Peyer's 
patch  each  follicle  is  distinct  and  independent;  in  a  lymphatic 
gland  the  follicles  are  fused  together,  partially  so  in  the  cortex  but 
completely  so  in  the  medulla. 

The  afferent  lymphatic  vessels,  which  are  small  or  medium 
sized  vessels  with  the  structure  described  in  §  286,  after  forming  a 
plexus  between  the  two  layers  of  the  capsule  open  out  into  the 
lymph  sinuses  of  the  alveoli  beneath  the  cortex;  these  Ijrmph 
sinuses  are  practically  lymph-capillaries  into  which  the  regular 
afferent  lymphatic  vessels  break  up.  The  efferent  lymphatic 
vessels  are  similarly  connected  with  the  l)rmph  sinuses  of  the 
medulla  at  the  hilus;  here  the  lymph-capillaries  of  the  me- 
dulla open  into  and  fonn  the  regular  lymphatic  vessels  which 
issue  from  the  gland  at  this  point  In  the  afferent  vessels  the 
lymph  is  flo^ving  as  we  shall  see,  at  a  certain  rate  and  under  a 
certain  pressure ;  it  continues  to  flow  through  the  lab)rrinth  of  the 
lymph  sinuses  of  the  gland,  bathing  as  it  flows  the  follicular 
substance,  its  course  being  retarded  by  the  reticulum  of  the 
Ijrmph  sinuses ;  it  finally  issues  by  the  efferent  vessels. 

The  small  arteries  entering  the  gland  at  the  hilus  run  along 
the  skeleton  of  trabeculae,  dividing  as  they  go ;  at  intervals  they 
send  off  small  branches  which,  leaving  the  trabecular  support, 
traverse  the  lymph  sinus  and  plunging  into  the  follicular  substance 
break  up  into  capillaries.  By  far  the  greater  part  of  the  blood 
sent  to  the  gland  thus  nins  in  capillary  networks  in  the  follicular 
substance  of  the  alveoli  and  medulla.  From  these  capillaries  the 
blood  finds  its  way  back  by  veins  through  the  lymph  sinus  to  the 
trabeculae,  and  so  issues  from  the  gland  at  the  hilua 

§  293.  Obviously  here,  as  in  the  lymphatic  follicle  of  the  in- 
testine, the  adenoid  tissue,  or  follicular  substance,  is  the  seat  of  an 
interaction  between  the  blood  and  the  lymph ;  here  the  blood  gives 


Chap,  l]  TISSUES  AND  MECHANISMS  OF  DIGESTION.   495 

something  to  and  takes  something  from  the  l3niiph,  or  at  least  is 
in  some  way  changed ;  here  the  lymph  takes  from  and  gives  up  to 
the  blood.  We  may  be  confident  that  these  changes  take  place, 
though  our  knowledge  as  to  the  exact  nature  of  these  changes  is 
at  present  very  limited. 

One  event  taking  place  in  the  eland  seems  tolerably  certain. 
The  leucocytes  which  occupy  the  meshes  of  the  follicular  substance, 
and  the  characters  of  which  are  similar  to  those  of  the  leucocytes 
of  a  follicle  of  the  intestine,  multiply  in  the  follicular  substance. 
Cell-division  appears  to  be  particularly  active  in,  but  not  exclusively 
confined  to,  certain  areas  in  the  follicles  spoken  of  as  lymph-knots. 
In  nuclear-stained  sections,  that  is  in  preparations  so  treated  that 
while  the  nuclei  are  stained  deeply  the  cell  bodies  are  very  lightly 
stained  or  not  at  all,  there  may  be  frequently  seen  in  a  follicle  an 
area  (or  more  than  one  area)  consisting  of  a  very  light  centre 
surrounded  by  a  deeply  stained  ring.  In  the  light  centre  the  cell 
hodies  of  the  leucocytes  are,  relatively  to  the  nuclei,  larger  than  in 
the  surrounding  zone ;  and  since  the  cell  bodies  are  not  stained  the 
c^tral  portion  appears  lighter.  It  is  in  the  clearer  central  area  that 
nuclei  undergoing  mitosis,  and  indicating  cell  division,  are  especi- 
ally abundant.  The  surplus  cell  population  thus  arising  appears 
to  pass,  chiefly  at  all  events,  into  the  lymph  sinus,  and  to  leave 
the  ^land  by  the  efferent  lymphatic  vessels ;  on  examination  it  is 
found  that  lymph  which  has  passed  through  a  number  of  glands  is 
richer  in  lymph  corpuscles  than  the  lymph  which  is  coming  to  the 
glands. 

Many  lymphatic  glands  contain  a  quantity  of  black  pigment 
which  is  chiefly  deposited  in  the  branched  cells  of  the  reticulum  of 
the  lymph  sinusea  This  is  probably,  in  many  cases  at  all  events, 
pigment  brought  to  the  gland  in  the  lymph  vessels,  and  arrested  in 
Its  course  through  the  lymph  sinus ;  and  m  the  bronchial  lymphatic 
glands  the  pigment  simply  consists  of  minute  particles  of  carbon 
introduced  into  the  bronchial  passages  by  the  inspired  air,  and 
<^ed  from  the  bronchial  passages  to  the  glands.  In  some  cases, 
however,  pigment  is  also  found  in  the  bodies  of  the  leucocytes  of  the 
follicular  substance,  and  this  pigment  has  probably  a  different 
^^rigin ;  its  history  and  purpose  are  not  however  as  yet  known. 


SEC.  10.    THE  NATURE  AND  MOVEMENTS  OF  LYMPH 

(INCLUDING  CHYLE). 

§  291.  From  what  has  been  said  in  the  preceding  section  we 
are  led  to  regard  the  multitudinous  spaces,  both  small  and  great, 
of  connective  tissue  all  over  the  body,  including  among  these  the 
"'serous  cavities/'  as  forming  the  beginning  or  roots  of  the 
lymphatic  system.  Into  these  spaces  certain  parts  of  the  plasma 
of  the  blood  transude  and  so  become  lymph  ;  (whether  the  epithe- 
lioid lining  of  the  lar^  serous  cavities  plays  any  distinct  part  in 
regulating  the  transudation  of  serous  fluid,  Le.  of  lymph  into  those 
cavities  we  do  not  know) ;  from  these  spaces  the  lymph  is  con- 
tinually flowing  through  the  l}rmph-capillaries  into  the  lymphatic 
vessels,  and  so  by  the  thoracic  duct  and  right  lymphatic  trunk 
back  into  the  blood  system. 

The  amount  of  l}7nph  occupying  the  lymph  spaces,  lymph 
capillaries,  and  minute  lymphatic  vessels  of  any  region  varies  from 
time  to  time  according  to  circumstances.  A  hand  for  instance 
which  has  been  kept  hanging  down  for  some  time  becomes  swollen 
and  the  skin  tense ;  if  it  be  raised  the  swelling  lessens  and  the 
skin  becomes  loose ;  and  a  similar  temporary  swelling  of  the  skin 
of  the  limbs,  and  of  the  skin  generally,  is  frequently  the  result  of 
active  exercise.  Such  a  swelling  is  partly  due  to  the  blood  vessels 
being  dilated,  or  to  the  return  flow  along  the  veins  being  retarded 
so  that  the  blood  capillaries  become  distended  with  blood,  but  is 
much  more  largely  owin^  to  the  lymph-spaces  and  lymphatic 
vessels  of  the  skin  and  underlying  structures  being  unusually  filled 
with  I}rmph.  On  the  other  hand  the  skin  may  InBcome  shrivelled 
and  dry  from  a  deficiency  of  lymph  in  the  lymph-spaces  and 
vessels.  Under  even  normal  circumstances  the  quantity  of  lymph 
in  the  tissues  may  vary  considerably,  and  under  abnormal  circum- 
stances a  very  large  amount  of  lymph  may  greatly  distend  the 
spaces  of  the  connective  tissue  of  the  skin  and  other  structures, 
giving  rise  to  oedema  or  dropsy.  Obviously  there  are  agencies  at 
work  in  the  body  by  which  the  appearance  of  Ijrmph  in  the  spaces 
or  its  removal  thence  along  the  lymph-channels,  or  both,  may  be 
either  increased  or  diminished. 
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The  Characters  of  Lymph. 

§  296.  As  it  slowly  flows  from  its  origin  in  the  tissues 
^o  the  mouth  of  the  thoracic  duct  (we  may  for  simplicity's  sake 
onait  the  right  I}rmphatic  trunk)  the  lymph  is  subjecteci  to  the 
.i^^^uence  of  the  lymphatic  glands,  and  is  possibly  affected  by  the 
'^^Is  of  the  lymph- vessels.  Moreover  the  lymph  coming  from  one 
tisBue  differs  more  or  less  in  certain  characters  from  the  lymph 
^nsing  in  another  tissue,  just  as  the  venous  blood  of  one  organ 
difiers  frx)m  the  venous  blood  of  another  organ;  and  these 
differences  may  be  exaggerated  by  the  activity  of  the  one  or  other 
tissue.  Of  these  differences  by  far  the  most  striking  is  that 
l>etween  the  lymph  coming  from  the  alimentary  canal  during 
motive  digestion  and  known  as  chyle,  and  the  lymph  coming  irom 
otiher  parts  of  the  body.  When  digestion  is  not  going  on,  and 
'^'lien  consequently  no  considerable  absorption  of  material  from 
the  alimentary  canal  into  the  lacteals  is  taking  place,  the  fluid 
flowing  along  the  lacteals  is  lymph,  not  differing  from  the  lymph 
of"  other  regions  to  any  marked  dcjeree. 

The  fluid  accordingly  which  flows  along  the  thoracic  duct  in 
animal  which  has  not  been  fed  for  some  considerable  time 
^^*^^y  be  taken  as  illustrating  the  general  characters  of  lymph. 
*^e  contents  of  the  thoracic  duct  may  be  obtained  by  laying  bare 
^l^e  junction  of  the  subclavian  and  jugular  (in  the  dog  the  junction 
of  the  axillary  and  jugular)  veins,  and  introducing  a  cannula  into 
^*^e  duct  as  it  enters  into  the  venous  system  at  that  point.  The 
operation  is  not  unattended  with  difficultiea 

Lymph,  so  obtained,  is  a  clear  transparent  or  slightly  opalescent 
"Uid,  wnich  left  to  itself  soon  clots.  The  clotting  is  not  so 
Pronounced  as  that  of  blood,  but  clotting  is  caused  as  in  blood  by 
^*^e  appearance  of  fibrin.  The  fibrin  which  is  formed  though  scanty, 
jps  PC  is  identical  apparently  with  that  of  blood,  and  as  far  as  we 
^^^ow,  all  that  has  been  said  previously,  §§  14 — 23,  concerning  the 
^^ture  of  clotting  in  blood  applies  equally  well  to  lymph. 

Examined  with  the  microscope  lymph  contains  a  number  of 

^^rpuflcles,  lymph-corpuscles,  which  in  all  their  characters  as  far  as 

^  at  present  known  are  identical  with  white  blood  corpuscles; 

tliey  vary  in  size  bom  5fi  to  15  fi,  and  the  smaller  corpuscles 

^^  much  more   abundant  in   lymph   than   in  blood.     lAe  the 

^hite  blood  corpuscles   of  blood  they  exhibit  amoeboid   move- 

P^ts.    Their  number  varies  in  different  animals,  and,  apparentlv, 

^  the  same  animal,  according  to  circumstances;   on   the  whole 

perhaps   it   may  be   said   that   lymph   corpuscles  are   about  as 

i^umerous  in  lymph  as  white  corpuscles   in  blood.     Even  when 

eveiy  care  is  taken  to  avoid  admixture  with  blood,  lymph,  and 

^sp^dally  chyle,  not  unfrequently  contains  a  certain  number  of 

w  blooa  corpuscles ;   sometimes  these  are  sufficient  to  give  the 
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lymph  (or  chyle)  a  reddish  tinge.  They  have  been  observer 
within  the  living  lymphatic  vessels,  even  within  small  ones,  an< 
have  probably  in  some  manner  or  other  made  their  way  from  th 
blood  into  the  l3rmph  channels. 

§  296.  The  chemical  composition  of  lymph,  even  when  takei 
in  each  case  from  the  thoracic  duct,  varies  a  good  deal.  The  tota 
solids  are  much  less  than  in  blood,  amounting  in  general  to  no 
more  than  5  or  6  p.c.  Hence  the  venous  blood  of  a  vascular  are 
contains  rather  more  solids  than  the  arterial  blood  of  the  sam* 
area,  since  the  blood  in  giving  rise  to  the  lymph  during  its  passag 
through  the  capillaries  from  the  arteries  to  the  veins  has  partei 
with  relatively  more  water  than  solid  matter. 

The  proteids  amount  on  the  average  to  about  3  or  4  p.c,  tha 
is  to  say,  to  about  half  as  much  as  in  blood,  the  particular  proteid 
present  being  the  same  as  in  blood,  viz.  albumin,  paraglobulin  an< 
antecedents  of  fibrin.  In  lymph,  as  distinguished  from  chyle,  th 
quantity  of  fat  is  small,  ana  consists  of  the  usual  neutral  fats  an< 
the  soaps  of  their  fatty  acids,  together  with  lecithin ;  cholesterii 
may  also  be  present.  A  certain  amount  of  sugar  (dextrose)  appear 
to  be  always  present,  and  several  observers  have  found  an  appreci 
able  quantity  of  urea  The  ash  of  lymph  like  that  of  blood  seruii 
contains  a  considerable  quantity  of  sodium  chloride,  while  phos 
phates  and  potash  are  scanty;  it  also  contains  iron,  apparentl; 
m  too  great  a  quantity  to  be  accounted  for  by  the  few  rei 
corpuscles  which  may  be  present.  From  lymph  a  certain  amoun 
of  gas  can  be  extracted,  consisting  chiefly  or  almost  exclusively  o 
carbonic  acid,  with  a  small  quantity  of  nitrogen,  the  amount  c 
oxygen  present  being  exceedingly  small.  The  importance  of  thi 
we  shall  see  when  we  come  to  study  respiration. 

Broadly  speaking  we  may  say  that  all  the  substances  presen 
in  blood-plasma  arc  present  also  in  lymph,  but  are  accompaniei 
by  a  larger  quantity  of  water. 

§  297.  Lymph  may  also  be  obtained  from  separate  regions  c 
the  body,  as  from  the  lower  or  upper  limbs,  for  instance,  by  intro 
ducing  a  fine  cannula  into  a  lymphatic  vessel.  In  its  genera 
features  the  lymph  so  obtained  resembles  that  taken  from  th 
thoracic  duct.  Analyses  of  the  lymph  distending  the  subcuta 
neous  connective  tissue  in  cases  of  dropsy  shew  that  this  contain 
much  less  solid  matter  than  normal  lymph  taken  from  the  thoraci 
duct  or  larger  lymphatic  vessels.  From  this  it  has  been  inferred 
that  the  lymph  normally  existing  in  the  lymph-spaces,  lymph 
capillaries  and  minute  vessels  contains  an  excess  of  water ;  an< 
indeed  it  has  been  asserted  that  the  per-centage  of  solid 
increases  in  pacing  from  the  smaller  to  the  larger  vessels;  bu 
this  cannot  be  regarded  as  distinctly  proved.  The  number  of  cor 
puscles  however,  as  we  have  already  said,  appears  to  be  increase* 
m  passing  through  the  lymphatic  glands.  It  has  also  been  state 
that  the  lymph  in  the  finer  lymph- vessels  clots  even  less  firmly  thai 
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thskt  in  the  thoracic  duct.  From  this  we  may  infer  that  some  of 
the  leucocjrtes  in  the  adenoid  tissue  of  the  follicles  of  a  lymphatic 
glBud  find  their  way  into  the  lymph-sinus,  and  so  into  the  efferent 
Ij^mphatics,  and  that  some  of  the  fibrin  factors  are  added  to  the 
Ijrznph,  or  at  least  that  some  changes  favourable  to  clotting  are 
brought  about. 

§  298.     We  shewed  in  §  289  that  the  large  serous  cavities  of 

tile  peritoneum,  pericardium  &c.  were  to  be  considered  as  parts  of 

the  lymphatic  system,  and  that  the  '  serous  fluid '  in  these  cavities 

^ras  continually  joining  the  Ijrmph  stream ;  indeed  pericardial  or 

other  serous  fluid  has  all  the  general  characters  of  lymph.     We 

Viave  already  said,  §  20,  that  these  fluids  when  taken  fresh  from 

the  body,  clot  (this  is,  at  least,  the  case  in  most  animals) ;  the  clot 

when  examined  microscopically  is  found  to  consist  of  colourless 

corpuscles  like  those  of  lymph  or  of  blood  entangled  in  the  meshes 

of  fibrin.     Both  in  their  proteid  and  other  chemical  constituents 

tbese  serous  fluids  resemble  lymph.    Analyses  of  the  accumulations 

of  fluid  occasionally  occurring  m  these  cavities  shew  that  they 

contain  sometimes  less  and  sometimes  more  solid  matter  than 

ordinary  lymph.     The  aqueous  humour  of  the  eye  contains  very 

little  solid  matter ;  and  tne  cerebro-spinal  fluid  is  so  peculiar  that 

it  had  better  be   considered  by  itself  in  connection   with   the 

MTvous  system. 

§  299.  Chyle.  In  fasting  animals  the  fluid  flowing  along  the 
Ificteals,  as  may  be  seen  by  inspection  of  the  mesentery,  is  clear 
wd  transparent ;  it  is  lymph,  differing  as  we  have  said,  in  no 
essential  respects  fi^m  the  lymph  flowing  along  other  lymphatic 
vessels.  Shortly  after  a  meal  containing  fat  (and  every  meal  does 
contam  some  fet),  the  lymph  becomes  white  and  opaque  like  milk, 
the  more  so  the  richer  the  meal  is  in  fat ;  it  is  then  called  chyle. 
Owing  to  the  relatively  large  quantity  of  this  milky  fluid  which 
fw  some  time  after  a  meal  continues  to  be  poured  into  the 
thoracic  duct,  the  contents  of  that  duct  also  become  milky,  and  are 
also  called  chyle.  In  the  thoracic  duct  the  chyle  of  the  lacteals  is 
Diore  or  less  mixed  with  lymph  from  other  lymphatic  vessels,  but 
the  former  is  so  preponderating  that  the  contents  of  the  duct  may 
^  taken  as  illustrating  the  nature  of  chyle. 

Chyle  differs  from  lymph  in  one  important  respect,  and  one 
^y:  whereas  lymph  ordinarily  contains  a  small  quantity  only  of 
H  chyle  contains  a  very  large  amount.  The  actual  amount  of 
'w  present  in  the  chyle  of  the  thoracic  duct  varies,  as  may  be 
^'T>ected,  very  considerably,  according  to  the  nature  of  the  meal, 
the  stage  of  digestion,  and  various  circumstances.  Five  per  cent. 
^  a  very  common  amount ;  in  the  dog  it  has  been  founa  to  vary 
^  2  to  15  per  cent.  The  increase  in  fat  is  chiefly  if  not  ex- 
clusively due  to  an  increase  in  the  neutral  fats ;  though  whether 
the  small  quantity  of  soaps  and  of  lecithin  present  is  greater 
than  in  lymph  has  not  been  distinctly  ascertained.     Cholesterin 
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is  probably  present  in  greater  amount  than  in  lymph,  since  i^ 
probably  comes  firom  the  bile  poured  into  the  intestine  during 
digestion ;  but  this  is  not  certain.  How  far  the  nature  of  the  &t 
that  is,  the  proportion  of  the  various  kinds  of  &t,  of  stearin,  &c. 
varies  with  the  £Eits  present  in  the  meal  has  not  been  definitely 
ascertained. 

The  condition  of  the  fat  in  chyle  is  peculiar.  Some  of  i 
exists,  like  the  fieit  in  milk,  in  the  form  of  &t  globules  of  variou 
sizes,  but  all  small  A  very  considerable  quantity  however  i 
present  in  the  form  of  exceedingly  minute  spherules  or  granules 
fiu*  smaller  than  any  globules  to  be  seen  in  milk ;  these  exhibi 
active  'Brownian  movements.'  The  fat  present  in  this  form  i 
spoken  of  as  the  '  molecular  basis '  of  chyle,  and  is  verj'  distinctivi 
of  chyle.  In  the  emulsified  contents  of  the  intestine,  often  callec 
chyle,  the  fat  is  finely  divided,  and  to  a  laige  extent  into  smal 
globules,  but  there  is  nothing  corresponding  to  this  molecula 
basis ;  the  fat  does  not  assume  this  condition  until  it  has  passei 
out  of  the  intestine  into  the  lacteals.  Ljrmph  examined  with  tb 
microscope  shews  besides  the  white  corpuscles  only  very  fe^ 
oil-globules,  and  nothing  of  this  molecular  basis.  Just  as  in  &c 
lymph  is,  broadly  speaking,  blood  minus  its  red  corpuscles,  s* 
chyle  is  lymph  plus  a  very  large  quantity  of  minutely  divider 
neutral  fat. 

The  total  amount  of  lymph  or  of  chyle  which  enters  the  bloo< 
system  through  the  thoracic  duct,  though  it  probably  varies  con 
siderably,  is  probably  also  always  very  large.  It  has  been  calculate* 
that  in  a  well-fed  animal  a  quantity  equal  at  least  to  that  of  the  whol 
blood  may  pass  through  the  thoracic  duct  in  24  hours,  and  of  thi 
it  is  supposed  that  about  half  comes  through  the  lacteals  froo 
the  alimentary  canal,  and  therefore  to  a  lar^e  extent  from  fooc 
and  the  remainder  from  the  body  at  large.  These  calculations  ar 
based  on  uncertain  data,  and  cannot  therefore  be  taken  as  of  exac 
value,  but  we  may  use  them  for  the  sake  of  an  illustration.  Thu 
in  a  man  of  average  weight,  that  is,  about  154  kilos.,  the  quantit; 
of  blood  (§  38)  being  -j^  of  the  body  weight  is  about  12  kil« 
The  quantity  of  lymph  or  chyle  therefore  discharged  into  th' 
blood  in  an  hour  would  be  according  to  this  calculation  half  ; 
kilo,  or  something  less  than  half  a  litre;  and  since  the  flo^ 
must  vary  considerably  in  the  24  hours,  would  be  sometimes  Ics 
and  therefore  sometimes  even  more  than  this. 

jThe  Movements  of  Lymph. 

§  300.  Making  every  allowance  for  the  uncertainty  of  th< 
calculation  detailed  in  the  preceding  paragraph,  it  is  obvious  tha 
the  lymph  must  flow  with  a  not  mconsiderable  rapidity  (if  w< 
take  about  half  the  above  estimate,  the  rate  will  be  about  5  c.( 
per  minute)  through  the  thoracic  duct,  and  therefore  must  also  b 
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continually  streaming  into  that  duct,  along  the  various  lymphatic 
channels  firom  the  manifold  lymph-spaces  of  the  body.  This 
onward  progress  of  the  lymph  is  determined  by  a  variety  of 
ciicunaistance&  In  the  first  place,  the  remarkably  wide-spread 
presence  of  valves  (§  286)  in  the  l)rmphatic  vessels  causes  every 
pressure  exerted  on  the  tissues  in  which  they  lie  to  assist  in  the 
populsion  forward  of  the  lymph.  Hence  all  muscular  movements 
increase  the  flow.  If  a  cannula  be  inserted  in  one  of  the  larger 
lymphatic  trunks  of  the  limb  of  a  dog,  the  discharge  of  lymph 
from  the  cannula  will  be  more  distinctly  increased  by  movements, 
even  passive  movements,  of  the  limb  than  by  anything  else. 
When  we  come  to  speak  of  the  entrance  of  chyle  into  the  lacteal 
radicles  of  the  villi  we  shall  see  that,  at  all  events  according  to 
one  view,  the  muscular  fibres  of  the  villus  act  as  a  kind  of 
muscular  pump,  driving  the  chyle  past  the  valved  end  of  the 
lacteal  radicle  into  the  lymphatic  canals  below.  In  addition 
to  the  presence  of  valves  along  the  course  of  the  vessels,  the 
opening  of  the  thoracic  duct  into  the  venous  system  is  guarded  by 
a  valve,  so  that  every  escape  of  lymph  or  chyle  from  the  duct  into 
the  veins  becomes  itself  a  help  to  the  flow.  In  the  second  place, 
we  have  already  seen  that  the  blood-pressure  in  the  capillaries 
and  minute  vessels  is  considerably  greater  than  that  in  the  large 
veins,  such  as  the  jugular ;  in  fact  this  difierence  of  pressure  is  the 
cause  of  the  flow  of  olood  from  the  capillaries  to  the  heart.  Now 
the  lymph  in  the  lymphatic  spaces  outside  the  capillaries  and 
minute  vessels  undoubtedly  stands  at  a  lower  pressure  than  the 
Wood  inside  the  capillaries ;  otherwise  the  transudation  from  the 
Wood  into  the  tissues  would  be  checked ;  but  the  difference  is 
probably  much  less  than  the  difference  between  the  pressure  in 
the  capillaries  and  that  in  the  large  venous  trunks.  So  that  the 
lymph  in  the  lymph-spaces  of  the  tissues  may  be  considered  a^ 
standing  at  a  higher  pressure  than  the  blood  in  the  venous  trunks, 
for  mstance  in  the  jugular  vein.  That  is  to  say,  the  lymphatic 
vessels  as  a  whole  form  a  system  of  channels  leading  firom  a 
'egion  of  higher  pressure,  viz.  the  Ijrmph-spaces  of  the  tissues,  to 
*  region  of  lower  pressure,  viz.  the  interior  of  the  jugular  and 
subclavian  veins.  This  difference  of  pressure  will,  as  in  the  case 
^  the  blood  vessels,  cause  the  lymph  to  flow  onward  in  a  con- 
tinuous stream.  Further,  this  flow,  caused  by  the  lowness  of  the 
^ean  venous  pressure  at  the  subclavian  vein,  will  be  assisted  at 
?^enr  respiratory  movement,  since  at  every  inspiration  the  pressure 
^  the  venous  trunks  becomes,  as  we  shall  see  in  dealing  with 
^piration,  negative,  and  thus  lymph  will  be  sucked  in  from  the 
thoracic  duct,  while  the  increase  of  pressure  in  the  great  veins 
during  expiration  is  warded  off  from  the  duct  by  the  valve  at  its 
opening.  In  the  third  place,  the  flow  may  be  increased  by 
fojrthmical  contractions  of  the  walls  of  the  lymphatics  themselves, 
which,  as   we   have  seen,  are  remarkably  muscular;    and    the 
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peculiar  interlacing  of  the  muscular  fibres  above  each  valve 
suggests  that  the  walls  here  act  after  the  fEishion  of  a  tiny  heart 
and  by  a  rhythmical  systole  drive  on  the  fluid,  which  by  the  action 
of  the  valve  below  collects  at  the  spot.  We  have  however  no 
experimental  proof  of  this;  for,  though  rhythmic  variations  have 
been  observed  in  the  lacteals  of  the  mesenter}-,  it  is  maintained 
that  these  are  simply  passive,  i,e,  caused  by  the  rhythmic  peristaltic 
action  of  the  intestine,  each  contraction  of  the  intestine  filling  the 
lymph-channels  more  fully,  and  are  not  due  to  contractions  of 
the  walls  of  the  lacteal  vessels  themselves.  In  some  of  the  lower 
animals,  for  instance  in  the  frog,  the  muscular  walls  of  the  vessels 
are  developed  at  places  into  distinctly  contractile  propuIsive-oif;ans, 
spoken  of  as  lymph-hearts,  of  which  we  shall  have  something  to 
say  presently.  Lastly,  it  is  at  least  open  for  us,  on  the  strength 
of  the  analogy  that  osmosis  may  give  rise  to  increased  pressure  on 
one  side  of  a  diflusion  septum,  to  suppose  that  the  very  processes 
which  give  rise  to  the  appearance  of  l}rmph  in  the  lymph-spaces 
of  the  tissues,  tend  themselves  to  promote  the  flow  of  lymph.  We 
have  at  least,  under  all  circumstances,  one  or  other  of  these  causes 
at  work,  promoting  a  continual  flow  from  the  lymphatic  roots  to 
the  great  veins.  They  are  together  sufficient  to  drive,  in  man,  the 
lymph  from  the  lower  limbs  and  trunk,  against  the  eflfects  of  gravity, 
into  the  veins  of  the  neck.  In  the  upper  limb,  the  influences  of 
gravity  owing  to  the  varied  movements  of  the  limb,  are  as  often 
favourable  to,  as  opposed  to,  the  natural  flow  of  the  lymph  ;  but  as 
we  have  already  said,  a  long-continued  unfavourable  action  of 
gravity,  especially  in  the  absence  of  the  aid  of  movements  in  the 
skeletal  muscles,  as  when  the  arm  hangs  down  motionless  for  some 
time,  leads  to  accumulation  of  lymph  at  its  origin  in  the  lymph- 
spaces.  The  strength  of  the  causes  combining  to  drive  on  the 
lymph  is  strikingly  shewn  in  animals  when  the  thoracic  duct  is 
hgatured ;  in  such  cases  a  very  great  distension  of  the  lymphatic 
vessels  below  the  ligature  is  observed. 

§  301.  Although  the  phenomena  of  disease  and,  perhaps, 
general  considerations  render  it  probable,  that  the  nervous  system 
governs  in  some  way  the  stream  of  lymph,  regulating  it  may  be 
not  only  the  flow  along  the  definite  lymph-canals  but  also  the 
transit  of  plasma  into  the  l}rmph-spaces  and  the  escape  of  lymph 
thence  into  the  definite  canals,  our  knowledge  on  these  points  is 
very  imperfect  We  have  no  proof  that  the  muscular  fibres  in  the 
walls  of  the  lymphatic  vessels  are  governed  by  nerves,  or  that  the 
lymph  spaces  are  influenced  directly  by  nervous  action ;  and  most 
of  the  attempts  to  demonstrate  any  direct  action  of  the  nervous 
system  on  the  lymphatics  have  hitherto  failed. 

It  is  very  difficult  to  dissociate  any  such  direct  action  from  an 
indirect  influence  through  vaso-motor  changes;  for  the  condition 
of  the  vascular  system  largely  affects  the  formation  and  hence 
the  flow  of  lymph.     Thus  if,  in  a  dog,  cannulas  having  been  placed 
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in  the  lymphatic  trunks  leading  from  each  of  the  hind  feet,  the 

aciatic  nerve   on   one  side  is  divided,   the  flow  of  lymph  from 

the  foot  on  that  side  is  greater  than  on  the  intact  side,  but  is 

diminished  on  stimulation  of  the  peripheral  end  of  the  nerve,  the 

diminution  being  followed  by  a  subsequent  increase.     The  section 

of  the  nerve  however  leads  to  arterial  dilation,  the  stimulation  of 

the  nerve  to  arterial  constriction;   and  until  other  rcasous  be 

shewn,  we  may  attribute  the   increased  or  diminished  flow  of 

lymph  to  an  increased  or  diminished  transudation  from  the  fuller 

or  emptier  blood  vessela     And  this  interpretation  is  supported  by 

the  fact  that  when  stimulation  of  the  nerve  is  so  conducted  as  to 

lead  to  arterial  dilation  (§  168)  the  result  is  not  a  diminished  but 

an  increased  flow  of  lymph.     Again  if  the  cervical  sympathetic  in 

a  rabbit  be  divided  on  one  side  and  a  solution  of  the  blue  pigment, 

Bulphindigotate  of  soda,  be  injected  into  the  venous  system,  the 

ear  on  that  side  becomes  blue  before   the  other,  because   the 

pigment  passes  more  rapidly  from  the  blood  vessels  into  the  Ijonph- 

spaces  of  the  connective  tissue  and  the  blueness  also  passes  away 

sooner  because   it  is   sooner  washed   away  by   the   subsequent 

uncoloured  lymph.     But  here  too  the  increased  transudation  may 

be  regarded  as  simply  the  result  of  the  greater  fulness  of  the  blood 

vessels. 

§  302.  The  passage  of  material,  namely,  of  water  containing 
certain  substances  in  solution,  from  the  interior  of  the  blood  vessel 
where  they  form  part  of  the  plasma  into  the  lymph-capillary 
where  they  are  called  l}rmph  consists  of  two  steps :  the  passage 
from  the  blood  vessel  into  the  l}rmph  space,  and  the  passage  from 
the  lymph  space  into  the  lymph-capillary ;  for,  as  we  have  seen,  it 
18  only  in  particular  places  that  the  lymph-capillary  immediately 
surrounds  the  blood  vessel.  Once  arrived  in  the  lymph-capillary 
^e  lymph  finds  an  open  path  along  the  rest  of  the  I}rmphatic 
system,  out  the  connection  between  the  lymph-space  and  the 
'ymph-capillary  is,  as  we  have  seen,  peculiar  and  at  least  not  a  free 
^^i  open  one. 

The  passage  of  material  from  the  blood  vessel  into  the  lymph- 
spu%  we  speak  of  as  transudation.  What  can  we  say  as  to  the 
^ture  of  this  process  ?  There  are  two  known  physical  processes 
^th  which  we  may  compare  it :  diffusion  through  a  membranous 
pother  porous  partition,  and  filtration  through  a  similar  partition. 
I^usion,  though  influenced  by  fluid  pressure,  is  not  the  direct  result 
of  fluid  pressure  but  may  on  the  contrary  be  the  cause  of  differences 
^f  pressure  on  the  two  sides  of  the  partition,  and  may  work  against 
mi  pressure.  When  a  strong  solution  and  a  weak  solution  of 
^t  are  separated  by  a  diffusion  septum,  diffusion  takes  place 
whether  the  columns  of  fluid  be  at  the  same  level  on  the  two 
sides  of  the  septum  or  at  different  levels ;  and  if  the  columns  be 
at  the  same  level  to  start  with,  that  of  the  stronger  solution  soon 
comes  to  exceed  the  other  in  height,  on  account  of  the  osmotic 
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flow  of  water  from  the  weaker  into  the  stronger  solution.  Filtra- 
tion on  the  other  hand  is  the  direct  result  of  pressure ;  without 
difference  of  pressure  filtration  does  not  take  place;  and,  the 
filter  remaining  of  the  same  nature  and  in  the  same  condition,  the 
amount  of  filtrate  is  dependent  on  the  amount  of  pressure.  May 
we  speak  of  the  process  of  transudation  as  a  simple  process  of 
ditiusion  or  a  simple  process  of  filtration,  that  is  to  say,  can  all  the 
phenomena  of  transudation  be  explaiDed  as  simply  the  results  of 
one  or  other  of  these  physical  processes  ?  Diffusion  by  itself  will 
not  account  for  the  results ;  for  the  proteids  of  the  blood-plasma 
are  indiffusible  or  very  nearly  so  and  yet  the  lymph  contains  a 
considerable  quantity  of  these  proteids.  We  have  no  satisfactory 
knowledge  of  the  exact  composition  of  lymph  as  it  exists  in  the 
lymph-spaces.  In  the  lymph  of  the  larger  lymph-trunks  the 
diffusible  saline  substances  are  present  in  about  the  same  pro- 
portion, and  the  indiffusible  proteids  to  about  or  less  than  naif 
as  much  as  in  blood-serum ;  and  we  may  perhaps  assume  that 
the  lymph  in  the  lymph-spaces  contains  relatively  less  proteids 
but  has  otherwise  the  same  composition  as  blood-plasma.  Mere 
diffusion  would  not  give  rise  to  a  fluid  of  such  a  nature.  Can 
we  speak  of  transudation  then  as  a  filtration?  The  blood  is 
imdoubtedly  flowing  through  the  capillaries  and  other  small 
vessels  under  a  certain  pressure;  we  have  seen  (§116)  that  the 
pressure  is  roughly  speaking  about  30  mm.  Hg. ;  and  it  would  be 
])ossible  to  select  such  a  Alter  or  porous  partition  as  would  at 
about  this  pressure  permit  the  passage  of  a  certain  quantity  of 
the  inorgamc  and  crystalline  constituents  of  blood-plasma  to  pass 
through  in  company  with  a  relatively  smaller  quantity  of  the 
proteids  and  a  large  quantity  of  the  water,  the  red  and  white 
corpuscles  being  excluded.  Such  a  filtrate  would  be  more  or  less 
of  the  nature  of  lymph;  and  so  far  we  might  be  justified  in 
speaking  of  the  transudation  of  lymph  as  a  process  of  filtration. 
But  the  transit  through  the  living  wall  of  the  blood  vessel  is 
afi'ected  by  circumstances  in  a  manner  so  different  from  the 
manner  in  which  the  same  circumstances  affect  the  transit  through 
au  ordinary  lifeless  filter,  that  we  gain  but  little,  and  may  be 
led  into  error  by  speaking  of  the  process  as  a  filtration.  Sub- 
stances in  solution  or  otherwise,  pass  through  a  filter  when  the 
pressure  is  sufficient  to  drive  them  through  the  passages  furnished 
by  the  interstices  existing  in  the  substance  of  the  filter.  In  the 
case  of  an  ordinary  filter  the  substance  of  the  filter  is  within  limits 
permanent,  and  the  passages  correspondingly  constant.  The  living 
wall  of  a  capillar}'  however  is  not  a  constant  unchanging  thing. 
The  epithelioid  plates  and  other  elements  which  constitute  it 
are  alive,  and  being  alive  are  continually  undergoing  change  and 
are  especially  subject  to  change;  moreover,  as  we  have  seen, 
(§§  22,  23)  the  vascular  walls  appear  to  be  continually  acting  upon 
and  being  acted  upon  by  the  blood.     Hence  a  change  in  the  blood 
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tends  to  cause  changes  in  them  ;  and  these  changes  may  materially 
affect  in  one  direction  or  another  their  action  as  filters.  In  an 
ordinary  filter  increase  of  pressure  necessarily  entails  increase  of 
filtration;  in  a  living  filter  it  may  or  may  not,  and  the  same 
increase  of  pressure  may  according  to  circumstances  produce  very 
different  results  as  regards  the  transudation  of  lymph. 

Thus  it  seems  reasonable  to  suppose  as  we  have  suggested 
(§  227)  that,  other  things  being  the  same,  an  increase  of  blood- 
pressure  should  necessarily  increase  the  transudation  of  lymph. 
Hence  when  a  small  artery  dilates,  since  the  pressure  in  the 
still  smaller  branches  and  capillaries  of  that  artery  is,  as  we  have 
more  than  once  pointed  out,  increased,  more  lymph  appears  in  the 
lymph-spaces;  mdeed  it  is  one  of  the  main  purposes  of  the 
widening  of  small  arteries  to  supply  the  elements  of  the  tissue 
with  more  lymph,  that  is,  with  more  food.  But  it  does  not 
therefore  follow  that  imder  all  circumstances  widening  of  the 
arteiy  should  increase  the  passage  of  lymph ;  something  may 
occur  to  counteract  the  natural  effect  of  the  increased  pressure  in 
the  Wood  vessela  An  instance  of  this  seems  to  be  afforded  by 
the  case  of  the  submaxillary  gland,  when  the  chorda  nerve  is 
stimulated  while  the  gland  is  under  the  influence  of  atropin.  As 
we  have  seen,  though  the  arteries  dilate,  no  secretion  takes  place; 
and  we  cannot  explain  the  absence  of  a  flow  into  the  alveoli  by 
apposing  that  the  extra  amount  of  lymph  which  would  in  normal 
circumstances  form  part  of  the  secretion,  and  in  the  case  of  a  fairly 
copious  secretion  would  be  considerable,  now  passes  away  by  the 
lymphatics  without  reaching  the  cells  of  the  alveoli,  for  in  such 
cases  no  extra  flow  in  the  lymphatics  leading  from  the  gland  has 
l>cen  observed,  and  there  is  no  accumulation  of  lymph  in  the  con- 
P^ve  tissue  of  the  gland.  Apparently,  for  some  reason  or  other, 
^  spite  of  the  increased  pressure  in  the  blood  vessels  more  Ijrmph 
tWi  usual  does  not  pass  mto  the  lymph-spaces. 

Then  again,  as  we  shall  presently  have  occasion  to  point  out, 
ao  increase  of  pressure  in  the  blood  vessels  produced  by  obstruction 
^  the  venous  outflow  is  much  more  efficient  in  promoting  an 
picrease  of  transudation,  at  all  events  an  abnormal  increase,  than 
^  an  increase  of  arterial  pressure ;  and  the  difference  between  the 
two  cases  appears  to  be  too  great  to  be  accounted  for  on  the 
Jfonnd  that  an  obstruction  to  the  venous  outflow  raises  the 
Pressure  within  the  capillaries  and  small  vessels  more  readily 
and  to  a  higher  degree  than  does  the  widening  of  the  arteries. 
Moreover  that  obstruction  to  venous  outflow  does  not  produce  its 
effects  in  the  way  of  transudation  simply  and  merely  by  raising 
the  capillary  pressure  is  shewn  by  the  fact  that  the  same  amount 
of  obstruction  may  or  may  not  give  rise  to  excessive  transudation 
according  to  the  condition  of  the  blood  or  other  circumstances. 
For  instance,  though  the  obstruction  produced  by  ligaturing  a 
vein  firequently  causes  excessive  transudation,  it  does  not  always 
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cause  it,  and  the  femoral  vein  of  a  dog  may  be  ligatured  without 
any  excessive  transudation  taking  place ;  yet  if,  after  the  ligature, 
certain  changes  be  induced  in  the  blood  excessive  transudation 
occurs  in  the  leg,  the  vein  of  which  has  been  ligatured  but  not 
elsewhere.  Pointing  towards  the  same  conclusion  is  the  &ct  that 
excessive  transudation  more  readily  occurs  when  a  vein  is  plugged 
by  a  thrombus  arising  from  abnormal  conditions  of  the  vascular 
system  than  when  a  vein  is  simply  ligatured.  And  in  general 
we  may  say,  and  this  is  a  point  to  which  we  shall  return,  that  two 
things  chiefly  determine  the  amount  of  transudation :  the  pressure 
of  the  blood  in  the  blood  vessels,  and  the  condition  of  the  vascular 
walls  in  relation  to  the  blood,  the  latter  being  at  least  as  important 
as  the  former. 

Another  aspect  of  the  matter  moreover  deserves  attention.  In 
filtration  the  movement  takes  place  through  the  filter  in  one 
direction  only,  whereas  in  the  livmg  body,  the  passage  of  material 
through  the  capillary  wall  takes  place  in  two  opposite  directions. 
In  all  the  tissues,  though  more  perhaps  in  certam  tissues  than  in 
others,  the  passage  from  the  blood  vessel  into  the  lymph-space  is 
accompanied  by  a  passage  from  the  l3rmph-space  into  the  blood; 
while  food  for  the  tissue  passes  in  one  direction,  waste  products 
pass  in  the  other.  In  a  secreting  gland  the  greater  part  of  the 
lymph  coming  frx)m  the  blood  vessels,  the  water  and  other  matters, 
pass  away  into  the  lumen  of  the  alveolus  after  undergoing  changes 
m  the  cell ;  but  even  in  such  a  case  there  is  some  return  from  the 
cells  into  the  blood  vessels,  carbonic  acid  for  instance  if  nothing 
else  is  given  up  by  the  cells  to  the  blood ;  and  in  such  orrans  as  a 
muscle  or  the  liver,  the  backward  stream  of  material  from  the  tissue 
to  the  blood  is  extensive  and  important.  Moreover  this  back- 
ward stream  works  against  pressure ;  indeed,  as  may  be  seen  in  a 
muscle,  it  is  when  the  blood  vessels  are  dilated  and  the  pressure 
in  the  capillaries  and  small  vessels  highest,  as  during  and  after  the 
contraction  of  the  muscle,  that  the  passage  frx)m  the  tissue  into  the 
blood  is  most  energetic.  Many  of  the  waste  products  of  the  tissue 
are  it  is  true  diffusible,  and  we  might  be  tempted  to  say  that  while 
the  l3rmph  which  feeds  the  tissue  traverses  the  vascular  wall  by 
filtration  in  the  direction  of  pressure  the  waste  products  return  to 
the  blood  against  pressure  by  difiusion ;  but  such  a  view  cannot  at 
present  be  regarded  as  proved ;  and  if  it  be  true  as  is  maintained 
oy  some,  that  l}nnph,  including  the  proteids,  may  at  times  be 
re-absorbed  from  the  tissue  into  the  blood  vessels,  it  is  distinctly 
contradicted.  We  shall  have  to  return  to  this  question  when  we 
come  to  deal  with  the  secretion  of  urine ;  but  meanwhile  we  may 
adopt  the  conclusion,  which  is  especially  supported  by  the  phe- 
nomena of  disease,  that  while  diffusion  and  filtration  play  their 
respective  parts,  diffusible  substances  passing  in  and  out  of  the 
blood  more  readily  than  indifiusible  substances  and  an  increase  of 
pressure  tending  to  promote  transudation,  the  condition  of  the 
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vascular  wall  so  profoundly  influences  the  transit  of  material  as  to 
render  the  process  very  complex.  We  may  probably  regard  it  as 
too  complex  to  be  compared  even  with  filtration  through  a  filter 
capable  of  widely  changing  in  texture  from  time  to  time,  and  as 
more  nearly  resembling  the  process  of  secretion. 

Concerning  the  passage  of  the  l}rmph  from  the  confined 
lymph-spaces  into  the  open  gangways  of  the  lymph-capillaries 
we  know  very  little.  If,  as  some  think,  the  cavity  of  the 
lymph-capillaiy  is  shut  off  on  all  sides  and  completely  by  a 
continuous  limng  of  sinuous  epithelioid  plates,  then  the  passage 
from  the  lymph-space  into  it  must  be  regarded  as  a  sort  of 
repetition  of  the  passage  from  the  blood-capilmry  into  the  lymph- 
space,  as  a  second  transudation.  But  if  as  others  think,  and  as  on 
the  whole  seems  more  probable,  the  lymph-spaces  open,  at  places, 
directly  into  the  lymph-capillaries  the  passage  is  a  simply 
mechanical  affair  determined  oy  the  freedom  of  these  openings. 

In  either  case  the  flow  from  the  lymph-spaces  will  be 
fiwilitated  by  all  events  which  promote,  and  checked  by  those 
which  hinder  the  flow  of  lymph  along  the  lymph-capillaries  and 
the  other  lymphatic  channels. 

We  may  here  remark  as  influencing  the  quantity  of  lymph  in 
the  lymph-spaces  and  vessels,  that  the  quantity  of  lymph  taken 
wp  finom  the  Ijrmph-spaces  by  the  actual  elements  of  the  tissue 
may  vary  considerably.  We  remarked  in  §  30  on  the  peculiar 
relations  of  living  tissue  to  water,  and  there  are  reasons  for 
thinking  that  the  very  substance  of  a  cell  or  a  fibre  (a  muscular 
fibre  for  instance)  may  hold  in  itself  a  larger  quantity  of  water 
^  one  time  than  at  another.  The  water  thus  taken  up  or  given 
out,  and  the  substances  which  may  be  carried  in  solution  by  that 
^ter,  come  from  and  go  to  the  lymph.  The  condition  of  the 
tttBue  determines  by  itself  the  amount  of  lymph  in  the  Ijrmph- 
spacea 

§303.  Under  the  influence  of  all  these  several  actions  the 
lymph  in  the  various  lymph-spaces  of  the  body  varies  in  amount 
from  time  to  time,  but  under  normal  circumstances  never  exceeds 
^^^in  limits.  Under  pathological  conditions  those  limits  may  be 
exceeded,  and  the  result  is  known  as  oedema  or  dropsy.  Similar 
^^oessive  accumulations  of  lymph  may  occur  not  in  the  ordinary 
lymph-spaces,  but  in  those  larger  l}rmph-spaces,  the  serous  cavities, 
•'iy  large  excess  of  fluid  in  the  peritoneal  cavity  being  known  as 

The  possible  causes  of  oedema  are  on  the  one  hand  an  obstruc- 
tion to  the  flow  of  Ijrmph  from  the  Ivmph-spaces,  and  on  the  other 
hand  an  excessive  transudation,  the  lymph  gathering  in  the  l}rmph- 
^^aces  faster  than  it  can  be  carried  away  oy  a  normal  flow ;  with 
the  former  the  l3rmphatic  S3rstem  itself,  with  the  latter  chiefly 
the  vascular  system  is  concerned.  As  a  matter  of  fact  however 
CBdema  is  almost  always,  if  not  alwajrs,  due  to  abnormal  conditions 
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of  the  vascular  svstem,  and  is  the  result  not  of  hindered  outflow 
but  of  excessive  transudation. 

Owing  to  the  numerous  anastomoses  of  the  lymph-vessels  and 
the  consequent  establishment  of  collateral  streams,  obstnicticm 
in  the  hnnph-passages  themselves  rarely  if  ever  gives  rise  to 
cedema ;  and  it  may  be  here  remarked  that  owing  to  the  same  free 
collateral  communication  between  the  lymph-vessels  the  laby- 
rinthine passages  of  the  lymphatic-glands  do  not  offer  the  serious 
obstacle  to  the  onward  flow  of  the  general  lymph-stream  as  might 
at  first  sight  be  supposed.  Nor  have  we  at  present  any  knowlec^ 
which  would  lead  us  to  suppose  that  any  physiological  changes  m 
the  walls  of  the  h-mphatic- vessels  or  of  the  lymph-capillaries,  or  in 
the  hnnph-spaces,  by  giving  rise  in  some  way  to  obstacles  to  the 
flow  of  lymph,  ever  lead  to  an  accumulation  of  lymph  in  the  latter. 

One  kind  of  oedema  we  have  already  touched  upon  in  speaking 
of  the  capillary  circulation  (§  183),  viz.  the  "inflammatorv"  oedema. 
In  this  kind  of  oedema  owing  to  changes  in  the  vascular  walls  a 
larger  amount  of  transudation  passes  into  the  lymph-spaces,  and 
that  transudation  is  richer  in  proteid  matters,  and  contains  a 
larger  amount  of  the  fibrin  factors  or  at  all  events  is  much  more 
distinctly  coagulable  than  ordinary  lymph,  as  well  as  crowded  with 
migrating  corpuscles.  Allied  to  this  inflammatorv  oedema  is  the 
increase  of  lymph,  also  apparently  changed  somewliat  in  character, 
which  appears  as  "eiiusion"  in  the  serous  cavities  when  these 
are  inflamed,  as  in  pleurisy  and  peritonitis. 

One  of  the  most  common  forms  of  oedema  is  an  oedema  of 
primarily,  though  not  wholly,  mechanical  ori^n,  oedema  arising 
from  obstruction  to  the  venous  flow;  under  tnese  circumstances 
more  Ivmph  passes  into  the  lymph-spaces  than  the  lymph-vessels 
are  able  to  carry  away.  If  the  femoral  vein  be  tied  the  leg  may 
become  oedematous,  and,  as  we  have  said,  oedema  is  a  conmion 
result  of  the  plugging  or  obstruction  of  veins  through  disease; 
the  oedema  which  is  so  common  an  accompaniment  of  heart- 
disease  involving  obstruction  to  the  return  of  venous  blood  to 
the  right  side  of  the  heart,  and  the  ascites  which  follows  upon 
hindrance  to  the  portal  flow  are  instances  of  oedema  of  this  kmd. 
We  have  already  remarked  on  the  relation  of  transudation  to 
blood-pressure;  and  in  venous  obstruction  the  rise  of  pressure 
within  the  small  blood  vessels  is  distinguished  from  that  due  to 
arterial  dilation  by  being  accompanied  with  a  want  of  adequate 
renewal  of  the  blood ;  this  probably  affects  the  epithelioid  Iming 
of  the  blood  vessels  in  such  a  way  as  to  increase  the  transu- 
dation. And  indeed,  as  is  seen  in  cases  of  heart  disease  with 
prolonged  or  repeated  venous  obstruction,  the  oedema  as  time 
goes  on  and  the  tissues  become  impaired  is  more  easily  excited 
and  with  greater  difficulty  removed,  though  the  actual  amount 
of  obstruction,  the  actual  increase  of  pressure  in  the  small  vessels, 
remains  the  same,  or  at  least  is  not  proportionally  increased. 
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Still  another  kind  of  oedema  is  one  due  to  changes  taking 
place  in  the  blood,  quite  apart  from  variations  of  blood-pressure. 
This  kind  of  oedema  is  seen  in  some  diseases  of  the  kidney,  in 
"Bright s  disease  "  for  instance.  In  such  cases  the  blood  contains 
less  proteids,  and  indeed  less  solids,  is  more  watery  and  of  lower 
specific  gravity  than  is  normal.  But  the  oedema  is  not  in  these 
cases  to  be  explained  on  the  view  that  the  more  watery  blood 
passes  more  readily  through  the  capillary  walls,  for  it  may  be  shewn 
experimentally  that  the  mere  thmning  of  the  blood,  as  by  the 
injection  of  normal  saline  solution  into  tne  blood  vessels,  will  not  at 
once  lead  to  oedema,  at  least  in  the  limbs  and  trunk,  and  it  is  these 
which  in  Bright  s  disease  especially  become  oedematous.  In  all 
probability  the  oedema  of  Bright's  disease  if  it  be  really  due  to  the 
abnormal  character  of  the  blood,  is  produced  by  the  abnormal 
blood  so  acting  on  the  blood  vessels  that  these  allow  a  transu- 
dation greater  than  the  normal. 

But  these  are  pathological  questions  into  which  we  must  not 
enter  here.  We  have  touched  upon  them  because  they  illustrate 
the  important  processes  taking  place  in  the  l3rmph-spaces,  and  as 
we  have  more  than  once  insisted  the  lymph  in  the  Ijrmph-spaces  is 
the  middleman  of  all  the  tissues,  and  hence  facts  illustrating  the 
laws  which  govern  the  flow  of  lymph  into  and  out  of  the  Ijrmph- 
spaces  are  of  fimdamental  physiological  importance. 

§304.  Lymplirhearta,  In  the  frog  and  other  amphibia  and 
in  reptiles  the  flow  of  lymph  into  the  venous  system  is  assisted  by 
riifthmically  pulsating  muscular  lymph-hearts,  which  present 
nwrny  curious  analogies  with  the  blood-heart.  The  frog  possesses 
four  lymph-hearts.  Of  these  two,  belonging  to  the  hind  limbs,  are 
placed  one  on  each  side  of  the  coccyx,  near  its  end,  and,  being  covered 
only  by  aponeurosis  and  the  skin,  may,  without  dissection,  be  seen 
'>eating.  Two  anterior  ones  are  placed  on  the  transverse  pro- 
cesses of  the  third  vertebrae,  and  are  covered  from  view  by  the 
shoulder  girdle.  Each  lymph-heart  is  a  more  or  less  oval  sac 
'yin2  in  one  of  those  l3rmph  sacs  or  cavities  lined  with  sinuous 
epitnelioid  plates,  which  as  we  have  said  are  present  in  the  frog. 
K  is  continued  at  one  end,  by  an  orifice  guarded  with  valves, 
}nto  a  small  vein  which  opens,  in  the  case  of  the  posterior  heart, 
P^^  a  crural  vein,  and  in  the  case  of  the  anterior  hearts,  into  a 
Jugular  vein.  The  wall  consists  of  muscular  fibres  arranged  in  a 
plexiform  manner,  and  supported  by  a  considerable  amount  of 
^nnective  tissue.  These  fibres  are  striated  and  branched,  and 
^  intermediate  in  character  between  cardiac  and  skeletal  mus- 
clar fibres.  Nerve  fibres  terminate  in  these  muscular  fibres,  and 
"ie  muscular  wall,  unlike  that  of  the  blood-heart,  is  supplied  with 
capillary  blood  vessels.  The  interior  is  lined  with  epithelioid 
plates  of  sinuous  outline,  and  this  lymphatic  lining  is  continued 
along  a  number  of  openings  or  pores,  by  which  the  cavity  of 
the  heart  opens  into  the  surrounding  lymph-space.     When  the 
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heart  contracts  the  contents  are  driven  into  the  vein,  the  lym- 
phatic pores  being  closed  by  the  approximation  of  the  contracting 
muscular  fibres ;  when  the  heart  (mates,  the  fluid  in  the  vein  is 

[)revented  fix)m  returning  by  the  valves  at  its  mouth,  while  the 
ymph  enters  readily  fix)m  the  surrounding  space  through  the  now 
open  pores.  In  the  frog  regular  lymphatic  vessels  are  scanty; 
hence  these  l}rmph-hearts  become  of  considerable  importance  in 
promoting  the  flow  of  lympL  The  l3rmph-hearts  of  reptilia  are 
similar  in  structure  ana  Amotion.  In  the  frog,  in  which  they 
have  been  chiefly  studied,  the  action  of  the  l}rmph-hearts  is  in  a 
measure  dependent  on  the  spinal  cord.  The  posterior  Ivmph-heartfi 
belonging  to  the  hind  limbs  are  connected  by  means  of  the  delicate 
tenth  pair  of  spinal  nerves  with  a  region  of  the  cord  opposite  the 
sixth  or  seventh  vertebra,  in  such  a  way  that  section  of  the  nerve 
or  destruction  of  the  particular  region  of  the  cord  suspends  or 
destroys  their  activity.  The  anterior  pair  are  similarly  connected 
with  a  region  of  the  spinal  cord  opposite  the  third  vertebra.  Each 
pair  therefore  seems  to  have  a  '  centre '  in  the  spinal  cord ;  but  it 
is  probable,  though  observers  are  not  wholly  agreed,  that  the 
hearts,  after  destruction  of  their  spinal  centre,  ultimately  resume 
their  rhythmic  beats,  so  that  the  dependence  of  their  activity  on 
the  spinal  centre  is  not  an  absolute  one.  Like  the  heart  of 
the  blood-sjrstem,  the  lymph-hearts  may  be  inhibited,  and  that 
in  a  reflex  manner,  the  inhibition  centre  being  moreover  in  the 
medulla  oblongata.  If  a  frog  be  carefully  observed,  the  activity 
of  the  lymph-hearts  will  be  found  to  vary  largely,  and  these 
variations  appear  to  be  in  part  due  to  nervous  influences;  so 
that  in  this  way  the  movement  of  lymph,  and  hence  the  pro- 
cesses of  absorption,  are  in  this  animal  directly  dependent  on 
the  nervous  system. 


SEC.   11.     ABSORPTION  FROM   THE   ALIMENTARY 

CANAL. 


J  306.     We  may  now  return  to  consider  the  absorption  of  the 
acts  of  digestion,  that  is  to  say,  the  passage  of  these  bodies 
from  the  interior  of  the  alimentary  canal,  where  they  are  really 
outside   the  body  proper,  into  the  body  itself.     For  simplicity  s 
*^e  we  may  consider  digestion  in  a  broad  way  as  the  conversion 
of  practically  non-diffusible  proteids  and  starch  into  more  diffusible 
peptone   and  highly  diffusible  sugar,  and  as  the  emulsifying,  or 
^vision  into  minute  particles,  of  fats.     We  have  seen  reason  to 
^lieve  that  some  of  tne  sugar  may  be  changed  into  lactic  acid  or 
«ven  into  butyric  or  other  acids,  that  some  of  the  proteids  are 
^^anied  beyond  the  peptone  condition  into  leucin  and  other  bodies, 
^^d  that  some  of  the  fat  may  be  saponified ;  and  it  may  be  that 
some  of  the  proteid  material  of  the  food  passes  into  the  body  as 
^biimoee  or  even  as  parapeptone,  or  in  some  other  little  changed 
^^ndition.    But  we  may  probably  with  safety,  for  present  purposes, 
assume  that  the  greater  part  of  the  proteid  is  absorbed  as  peptone, 
that  carbohydrates  are  mainly  absorbed  as  sugar,  and  that  the 
S^^ter  part  of  the  &t  passes  into  the  body  as  emulsified  but 
^ther¥rise  unchanged  neutral  fat ;  and  we  may  neglect  the  other 
conditions  of  digested  food  as  subsidiary,  and  as  far  as  absorption 
^  concerned,  unmiportant. 

We  have  seen  that  two  paths  are  open  for  these  products  of 

^gestion,  one  by  the  capillaries  of  the  portal  system,  the  other  by 

^he  lacteals.     It  cannot  be  a  matter  of  mdifference  which  course  is 

^en.     For  if  the  products  pass  by  the  lacteals  they  fall  into  the 

B^^eral  blood-current  after  having  undergone  only  such  changes 

^  they  may  experience  in  the  Ijrmphatic  system ;  while  if  they 

P^  into  the  portal  vein  they  are  subjected  to  certain  powerful 

^fluences  of  tne  liver  (which  we  shall  study  in  a  future  chapter) 

^fore  they  find  their  way  to  the  right  side  of  the  heart.     We 

^^y  therefore  consider  first  which  of  the  two  paths  is,  as  a  matter 

<>f  fact,  taken  by  the  several  products,  and  subsequently  study  the 

tnechanism  of  absorption  in  the  two  cases. 
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The  Course  taten  &y  tite  Set€nil  Products  of  Digestion. 

§  306.  From  what  has  alreadr  been  said  we  have  been  k 
to  regard  the  villi  as  the  most  active  oigans  of  absorption,  ai 
the  stmcture  of  a  villus  leads  ns  farther  to  oonclude  that  the  di 
fusible  peptones  and  sugar  pass,  together  with  the  water  in  whi< 
they  are  dissolved,  into  the  superficially  placed  capillary  netwoi 
of  the  villus  and  so  into  the  portal  system,  while  the  mere 
emulsified  fat,  unable  to  traverse  the  wall  of  the  capillary,  pass 
on  to  the  deep-seated  lacteal  radicle,  and  so  finds  its  wa^'  in 
the  lymphatic  system.  And  the  results  of  observation  and  expei 
ment,  as  fiar  as  they  go,  support  this  view. 

Fats.  After  a  mt^l  containing  &t  the  lymph  of  the  lactes 
contains  &t,  and  is  now  caUed  chyle:  and  the  richer  the  meal  in  I 
the  more  conspicuous  is  the  &t  in  the  lymph-vessels.  We  cann 
however  prove  that  all  the  &t  of  a  meal  absorbed  firom  tl 
alimentary  is  poured  by  the  th<»acic  duct  into  the  venous  sjrstei 
If  a  meal  containing  a  known  quantity  of  fiu  be  given  to  a  d< 
and  the  small  quantity  of  &t  present  in  the  fieces  correspondii 
to  the  meal  be  subtracted  finom  that  amount,  we  can  determii 
the  amount  of  &t  absorbed,  fur  we  have  no  evidence  whatev 
that  any  appreciable  amount  of  &t  undergoes  a  destancti' 
decomposition  in  the  alimentary  canaL  Collecting  by  means  of 
«mnnlA  inserted  into  the  thoracic  duct  the  whole  of  the  chy 
during  and  after  the  meal  so  long  as  it  remains  milky,  shewn 
that  &t  is  being  absorbed,  we  can  ascertain  the  quantity 
absorbed  fat,  which  would,  but  for  the  operation,  have  passed  in 
the  venous  system.  When  this  has  been  done,  a  very  remarkab 
deficit,  amounting  it  may  be  to  40  or  50  p.c.  has  been  observei 
that  is  to  say,  of  every  iOO  parts  of  &t  which  disappear  firom  tl 
alimentary  canal  only  about  GO  parts  find  their  way  through  tl 
thoracic  duct  into  the  venous  s\'stem. 

Are  we  then  to  conclude  that  the  missine  quantity  finds  i 
way  into  the  portal  system  ?     Now  the  portal  blood  does,  durii 
digestion,  contain  a  certain  quantity  of  &t ;  indeed  the  senim 
said  at  times  to  appear  milky  fi\>m  the  presence  of  fat     But  tl 
whole  circulatins^  blood  during   the  digestion  of  a  fatty  me 
contains,  for  a  while,  the  fat  poured  into  it  by  the  thoracic  due 
and  it  has  been  ascertained  in  the  dog  that  the  blood  of  the  port 
vein  during  digestion  contains  not  more  but  less  &t  than  tl 
blood  of  the  carotid  artery,  so  that  the  bX  which  appears  in  tl 
portal  blood  during  digestion  is,  for  the  most  part  at  least,  not  £ 
absorbed  by  the  capilUuies  of  the  alimentary  canal  but  faX  absorb< 
hj  the  lacteak.     Moreover,  when  the  chyle  of  the  thoracic  duct 
diverted  through  a  cannula,  and  not  allowed  to  flow  into  the  bloo 
the  quantity  of  &t  in  the  portal  blood  as  in  the  blood  at  lai^ 
very  small  indeed.     Lastly,  when  a  \illus  of  an  intestine  in  fv 
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digestion  of  fat  is  treated  with  osmic  acid,  fat  cannot  be  recognized 
^y  the  microscope  within  the  capillaries  or  other  blood  vessels, 
fcHough  it  abounds  outside  them  in  the  substance  of  the  villus 
arkd  in  the  lacteal  radicle. 

We  may  probably  therefore  infer  with  safety  that  all  or  at 
rt  very  nearly  all  the  fat  absorbed  from  the  intestine  takes  the 
.th  of  the  lacteals.     As  to  the  deficit  mentioned  above,  that  is  as 
t  without  explanation.     It  may  be  that  in  some  way,  on  its 
<^<:>"ur8e,  in  the  l3rmphatic  glands,  for  instance,  the  fat  is  taken  away 
'^^^  Dm  the  chyle,  hidden  so  to  speak  somewhere  away  from  botn 
Ljle  and  blood;   but  on  this  point  we   have  no  exact   infor- 
oamtion. 

§  307.     Water  and  Salts,     If,  in  an  animal,  the  rate  of  flow  of 

»yinph  or  chyle  through  a  cannula  placed  in  the  thoracic  duct  be 

'^fitched,  and  water  or,  to  avoid  the  injurious   effect   of  simple 

y^«iter  on  the  mucous  membrane,  normal  saline  solution  be  then 

^xijected  in  not  too  great  quantity  into  the  intestine,  no  marked 

ixicrease  in  the  flow  of  chyle  through  the  cannula  is  observed. 

^^rom  this  we  may  infer  that  the  water  of  the  intestinal  contents 

>^   absorbed  not  into  the  lacteals  but  into  the  portal  system.     If 

H-owever  a  very  large  quantity  of  the  normal  saline  solution  be 

fxyected  so  as  to  distend  the  intestine,  then  the  flow  of  chyle  is 

^xicreased  to  some  extent.     It  would  appear  therefore  that  while 

J^iader  normal  conditions  the  water  passes  from  the  intestine  mainly 

^^^to  the  portal  blood,  some  of  it  may  under  circumstances  pass  into 

tix^  lacteals. 

With  remrd  to  the  course  taken  by  ordinary  saline  matters  we 
lH>6se8S  no  detailed  information.  When  special  salts  such  as  potas- 
?^vim  iodide  and  others,  easily  recognized  by  appropriate  tests,  are 
^xtroduced  into  the  intestine,  they  may  be  speedily  detected 
^oth  in  the  blood  and  in  the  contents  of  the  thoracic  duct; 
^^t  whether,  in  such  cases,  these  salts  find  their  way  into  the 
^Horacic  duct  by  the  lacteal  radicle  of  the  villi,  or  pass  into  the 
^ymph  stream  at  some  later  part  of  its  course,  we  do  not  know, 
^or  can  we  with  regard  to  such  a  salt  as  sodium  chloride,  state 
^twolutely  that  it  passes  mainly  with  the  water  into  the  portal 
*^lood,  though  we  may  fairly  suppose  this  to  be  the  case. 

§  308.     Sugar.     Both  blood  and  chyle  contain,  normally,  a 

^^Ttain  small  amount  of  sugar;   and  careful  inquiries  shew  that 

^*ie  percentage  of  sugar  in  chyle  and  in  general  blood  is  fairly 

Constant,  neitner  being  to  any  marked  extent  increased  by  even 

^fnylaceous  meals ;  on  the  other  hand,  a  meal  containing  sugar  or 

*Wch  does  temporarily  increase  the  quantity  of  sugar  in  the 

portal  blood.     From  this  we  may  infer  that  such  portions  of  the 

sugar  of  the  intestinal  contents  as  are  absorbed  as  sugar  pass 

delusively  by  the   portal  vein.     We    may   however    here    call 

^ntion  to  the  difiiculties  attending  an  argument  of  this  kind. 

In  the  first  place  the  quantitative  determination  of  a  small  amount 
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of  sugar  in  so  complex  a  fluid  as  blood  is  attended  with  great 
diiSculties  and  uncertainties.  In  the  second  place  a  very  Tarffe 
quantity  of  blood  is  at  any  one  moment  streaming  through  the 
capillaries  of  the  alimentary  canal ;  and  we  may  perhaps  speak  of 
the  quantity  which  passes  through  them  during  the  whole  period 
of  digestion  as  being  enormous.  Hence  though  each  100  cc.  in 
passing  through  the  capillaries  might  take  up  a  quantity  of  sugai 
so  small  as  to  fall  almost  within  the  limits  of  errors  of  observation, 
yet  the  whole  quantity  absorbed  during  the  hours  of  digestion 
might  be  considerable ;  or  to  put  it  in  another  way,  an  error  of 
observation,  unavoidable  with  our  present  means  of  analysis,  on  a 
sample  of  blood  taken  from  the  portal  vessels  might  lead  to  a 
wholly  unwarranted  conclusion  that  sugar  was  or  was  not  being 
absorbed.  Making  every  allowance  however  for  these  difficulties, 
the  increase  of  sugar  which  has  been  observed  in  the  portal  blood 
during  digestion  seems  too  great  to  permit  of  any  other  conclusion 
than  that  sugar  is  really  absorbed  fix)m  the  alimentary  canal  by 
the  blood  vessels. 

When  however  a  large  quantity  of  sugar  dissolved  in  a  large 
quantity  of  water  is  present  in  the  intestine,  the  sugar  in  the 
chyle  is  said  to  be  increased.  In  such  a  case  the  excess  of  water, 
as  stated  above,  passes  into  the  lacteals,  and  in  so  doing  appears  to 
cany  some  of  the  sugar  with  it. 

§  309.  Proteids.  The  difficulties  attending  the  experimental 
determination  of  the  path  taken  by  proteids  are  greater  even  than 
in  the  case  of  sugar;  for  the  exact  quantitative  estimation  of 
peptone  in  blood  (and  we  are  assuming  that  proteids  are  mainly 
absorbed  as  peptone)  is  a  task  of  the  greatest  difficulty,  one 
compared  with  which  that  of  estimating  sugar  appeare  almost 
easy.  Bearing  this  in  mind  we  may  state  that  all  observers  are 
agreed  that  peptone  is  absent  irom  chyle  or  at  least  that  its 
presence  cannot  be  satisfactorily  proved.  On  the  other  hand, 
while  some  observers  have  succeeded  in  finding  peptone  in  the 
portal  blood  after  food,  but  not  during  fasting,  many  have  failed 
to  demonstrate  the  presence  of  peptone  in  the  blood  either  of  the 
portal  vein  or  of  the  vessels  at  large  even  after  a  meal  containing 
large  quantities  of  proteids.  Of  course,  as  we  argued  in  speaking 
of  the  absorption  of  sugar,  the  quantity  of  peptone  passing  into 
the  portal  blood  at  any  moment  might  be  small,  and  yet  a 
considerable  quantity  might  so  pass  during  the  hours  of  digestion. 
We  may  suppose  moreover  that  that  which  does  pass  is  imme- 
diately converted,  possibly  by  some  ferment  action,  into  one  or 
other  of  the  natural  proteids  of  the  blood,  or  otherwise  disposed 
of;  and  indeed  peptone  injected  carefully  and  slowly  into  a  vein 
disappears  from  the  blood,  though  little  or  even  none  passes  out 
by  the  kidney.  And  the  view  that  peptone  is  so  changed,  possibly 
in  the  very  act  of  absorption,  is  supported  not  only  by  the  state- 
ment that  peptone  may  be  found  in  the  practically  bloodless  wall, 
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that  is,  mucous  membrane,  of  the  intestine  removed  from  a  dead 
animal  even  when  it  appears  to  be  absent  from  the  blood,  but  also 
and  especially  by  the  following  observation.  If  an  artificial  circu- 
lation of  blood  be  kept  up  in  the  mesenteric  arteries  supplying  a 
loop  of  intestine  removed  from  the  bodjr,  the  loop  may  oe  kept 
alive  for  some  considerable  time.  During  this  survival  a  con- 
siderable quantity  of  peptone  placed  in  the  cavity  of  the  loop  will 
disappear,  ie.  will  be  absorbed,  but  cannot  be  recovered  from  the 
blood  which  is  being  used  for  the  artificial  circulation,  and  which 
escapes  from  the  veins  after  traversing  the  intestinal  capillarie& 
The  disappearance  is  not  due  to  any  action  of  the  blood  itself,  for 
peptone  mtroduced  into  the  blood  before  it  is  driven  through  the 
mesenteric  arteries  in  the  experiment  may  be  recovered  from  the 
blood  as  it  escapes  from  the  mesenteric  veins.  It  would  seem  as 
if  the  peptone  were  changed  before  it  actually  gets  from  the 
interior  of  the  intestine  into  the  interior  of  the  capillaries. 

But  the  argument  that  the  absence  of  peptone  from  the  blood 
is  no  proof  that  peptone  is  not  absorbed  into  the  blood  may  also 
be  applied  to  the  chyle,  and  thus  leaves  us  unable  to  draw  a 
conclusion  as  to  the  path  of  the  proteids.     The  foUoAving  indirect 

C)of  that  peptone  does  not  pass  into  the  chyle  has  been  offered, 
t  it  too  IS  open  to  objection.  We  shall  see  hereafter  that  the 
absorption  of  proteid  material  leads  to  an  increase  in  the  elimi- 
nation of  urea  by  the  kidneys.  So  marked  is  this  increase,  that 
Jinless  there  be  clearly  some  other  causes  at  work  leading  to  an 
increase  of  urea,  such  as  fever  for  instance,  an  increase  of  urea  in 
the  urine  following  upon  the  administration  of  proteid  food  may 
be  taken  as  a  proof  that  the  proteid  food  has  been  digested  and 
absorbed.  Now  if  in  a  dog  the  thoracic  duct  be  successfully 
ligatured  so  that  the  chyle  cannot  pass  as  usual  into  the  blood, 
*nd  the  dog  be  fed  on  proteid  food,  as  free  as  possible  from  fat,  so 
?8  not  unnecessarily  to  load  the  obstructed  lacteals,  an  increase 
^  the  urea  of  the  urine  is  observed  as  usual.  Obviously  in  such 
*  case  the  proteid  food  is  absorbed,  and  obviously  also  does  not 
P^  into  the  blood  through  the  thoracic  duct  (the  success  of  the 
ligature  having  been  proved  by  post  mortem  examination).  But 
^be  experiment,  though  as  far  as  it  goes  supporting,  does  not 
vigorously  prove  the  view  that  the  proteids  are  absorbed  by  the 
^pillaries  of  the  alimentary  canal ;  for  the  thoracic  duct  and 
lymphatics  below  the  ligature  were  found  largely  distended,  and 
Ijinpb  and  chyle  appear  to  have  escaped  from  the  vessels ;  hence 
^^  is  possible  that  some  at  least  of  the  proteids  were  absorbed  by 
tbe  lacteals  of  the  intestine,  but  finding  their  usual  path  blocked 
^e  their  way  into  the  blood  stream. 

We  may  therefore  say  that  the  results  of  experiment  while 
ttejr  do  not  definitely  prove,  give  some  support  to,  and  at 
feast  do  not  contradict,  the  view  which  we  a  little  while  ago  put 
forward  as  probable,  namely  that  the  proteids,  transformed  into 
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divisible  peptones,  pass  into  the  blood  vessels  and  not  into  the 
lacteals. 

But,  if  this  view  be  provisionally  accepted,  it  must  be  on  the 
understanding  that  it  is  probable  only;  and  it  may  be  that 
proteids  do  not  take  the  same  paths  and  are  not  absorbed  in  the 
same  condition  in  all  animals.  The  experiments  just  related  were 
performed  on  dogs,  that  is  to  say  on  carnivorous  animals  whose 
(natural)  food  contains  a  considerable  quantity  of  fat,  and  whose 
lacteals  might  therefore  be  considered  as  preoccupied  in  the 
absorption  of  fat.  The  food  of  herbivora  on  the  other  hand 
contains  a  relatively  small  amount  of  fat ;  and  if  in  these  animals 
all  the  proteids  and  carbohydrates  are  absorbed  by  the  blood 
vessels,  tnere  is  comparatively  little  left  for  the  lacteals  to  do. 
Yet  in  these  animals  the  lacteals  and  the  lymphatics  are  well 
developed.  In  the  villus  of  a  herbivorous  guinea-pig  or  rabbit, 
though  the  reticular  tissue  is  very  scanty  as  compared  with  that 
present  in  the  villus  of  a  dog,  the  lacteal  chamber  is,  relatively 
to  the  diameter  of  the  villus,  not  merely  as  large  as  but  much 
larger  than  in  the  dog.  It  is  difficult  to  suppose  that  this  wide 
chamber  is  intended  solely  for  the  absorption  of  the  relatively 
small  amoimt  of  fat  present  in  vegetable  food.  The  question 
which  we  are  discussing  is  clearly  at  present  to  be  regarded  a& 
by  no  means  settled. 

The  Mechanism  of  Absorption. 

§  310.  The  Absorption  of  Fats,  We  have  now  to  considei 
the  manner  in  which  these  several  substances  pass  into  either  the 
lacteal  radicle  or  the  capillary  blood  vessel  It  will  be  con- 
venient to  begin  with  the  absorption  of  the  fats. 

We  have  seen  reason  §  280  to  think  that  the  fats,  remaining 
chiefly  as  neutral  fats,  are  emulsified  in  the  intestine,  by  means  oi 
the  bile  and  pancreatic  juice,  the  small  quantity  of  soap  which  is 
formed  probably  serving  simply  the  purpose  of  facilitating  the 
emulsification. 

The  neutral  fats  so  emulsified  pass  in  the  first  instance  into 
the  bodies  of  the  columnar  cells  of  the  villi  It  has,  it  is  true, 
been  maintained  by  some  that  they  pass  between  the  cells  and 
not  into  them ;  but  the  evidence  is  distinctly  against  this  view. 
The  cells  may  again  and  again  be  seen  crowded  with  fat,  and 
the  cases  in  whicn  the  fat  has  been  seen  between  the  cells  and 
not  in  them  are  due  to  the  extrusion  of  the  fat,  during  the  shrink- 
ing of  the  villus  in  the  course  of  preparation,  firom  the  cells  intc 
spaces  between  the  cells.  In  the  frog,  in  which  there  are  no  villi 
and  in  which  the  folds  of  mucous  membrane  serving  the  purposes  o1 
villi  do  not  so  readily  shrink,  the  presence  of  fat  globules  in  the 
cells  after  a  fatty  meal  can  alwa3rs  be  easily  demonstrated  b} 
osmic  acid  preparations.     Since  no  such  collections  of  fat  globule: 
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are  seen  in  the  cubical  cells  of  the  glands  of  Lieberkuhn  we  infer 
that  these  have  nothing  to  do  with  the  absorption  of  fat. 

How  the  fat  enters  into  the  substance  of  the  cell  we  do  not 

know.    We  may  presume  that  the  striated  border  plays  some  part, 

but  what  part  we  do  not  know.    Though,  as  we  have  seen,  the  rods 

making  up  the  border  appear  able  to  move,  to  change  their  form, 

we  have  no  evidence  that  the  fat  is  introduced  into  the  cells  by 

means  of  any  movements  of  these  rods.    We  may  imagine  that  the 

globules  pass  into  the  cell  substance  by  help  in  some  way  of  these 

rods,  through  amoeboid  movements  comparable  with  the  ingestive 

movements  of  the  body  of  an  amoeba ;  but  we  have  no  positive 

evidence  to  support  this  view.    We  said  (§  247)  that  bile  promotes 

the  passage  of  fat  through  membranes,  possibly  by  in  some  way 

promoting  a  closer  contact  between  the  particles  of  fat  and  the 

substance  of  the  membrane ;  but  even  if  bile  has  this  eflfect  on  the 

sur&ce  of  the  cells,  its  action  in  this  respect  can  be  subsidiary  only. 

Within  the  columnar  cell  the  fat  may  be  seen,  both  in  osmic 

^id  preparations,  and   in   fresh   living   cells,  to   be  disposed  in 

globules  of  various  sizes,  some  large  and  some  small,  each  globule 

placed  in  a  space  of  the  protoplasmic  cell  substance.     It  does  not 

follow  that  the  fat  actually  entered  the  cell  exactly  in  the  form  of 

these  globules ;  it  may  be  that  the  fat  passes  the  striated  border 

^n  very  minute  spherules  which,  reaching  the  body  of  the  cell, 

*^m  together  into  larger  globules ;  but  whether  this  is  so  or  not 

^*e  do  not  know. 

From  the  columnar  cell  the  fat  passes  into  the  spaces  of  the 

^Vjticular  tissue  of  the  villus.     It  has,  it  is  true,  been  contended 

^hat  it  passes  along  the  substance  of  the  bars  of  the  reticulum ; 

^ut  in  carefully  prepared  osmic  acid  specimens  of  a  villus  in  active 

^iigestion  of  fatty  food,  the  fat  may  be  distinctly  recognized  as 

*  ^Bigely  filling  up,  still  in  the  form  of  globules  of  various  sizes,  the 

^^Ittces  in  the  meshes  of  the  reticulum  which  are  not  occupied  by 

^  le  leucocytes  or  allied  wandering  cells.     We  have  seen  (§  260) 

lat  the  bases  of  the  columnar  cells,  through   the  gaps  in  the 

ment  membrane,  directly  abut  upon  the  labyrinth  of  spaces ; 

ad  the   fiat  once   out  of  the  base   of  the   cell   is   free   in   the 

paces  of  this  labjTinth.     How  it  issues  from  the  cell  we  do  not 

xactly  know :  possibly  by  a  process  analogous  to  the  excretion  of 

^^lid  matters  by  an  amoeba. 

From  the  labyrinth  of  spaces  of  the  reticulum  of  the  villus  the 

''^t  passes  into  the  cavity  of  the  lacteal  radicle ;  and  it  is  worthy 

^^f  note  that  in  the  passage  it  undergoes  a  change.     In  the  interior 

"^f  the  intestine,  in  the  substance  of  the  columnar  cell,  and  ap- 

jDarently  in  the  labyrinth  of  the  reticulum  it  is  simply  emulsified 

tat  consisting  of  globules  small  and  large ;  within  the  lacteal  radicle 

it  consists  partly  of  the  same  easily  recognized  globules  but  partly 

^f  the  extremely  divided  *  molecular  basis '  (§  299) ;  it  is  now  no 

longer  emulsified  fat  but  chyle.     How  and  by  what  means  this 
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extremely  minute  division  of  the  globular  fat  into  the  *  molecul 
basis'  takes  place  we  do  not  know;  nor  do  we  know  the  exa 
manner  in  which  the  fat  passes  fix)m  the  spaces  of  the  reticulu 
into  the  interior  of  the  radicle.  If  the  sheet  of  sinuous  epithelic 
plates  which  forms  the  sole  wall  of  the  chamber  is  discontinuoi 
presenting  here  and  there  gaps  between  the  plates,  the  passa 
presents  no  difficulty  in  itself,  but  does  raise  the  difficulty  wl 
there  is  so  great  a  difference  between  the  chyle  inside  the  chamb 
and  the  fat  outside.  On  the  other  hand,  if  as  observations  seem 
shew  the  lining  in  question  is  actually  continuous,  the  fat  must  ps 
into  the  lacteal  radicle  either  through  the  substance  of  the  plat 
or  through  the  junction  lines  of  cement.  Such  a  passage  preses 
difficulties;  but  at  the  same  time  we  can  conceive  that  in  tl 
struggles  of  such  a  passage  some  of  the  fat  might  be  convert 
into  the  molecular  basis. 

We  may  here  perhaps  remark  that  the  contents  of  the  lacte 
radicle  consist  not  exclusively  of  fat,  but  of  fat  accompanied  I 
the  proteid  and  other  substances  which  go  to  make  up  the  chyi 
Proteid  and  other  substances  besides  fat  are  also  present  in  tl 
l3rmph  which  occupies  in  part  the  labyrinth  of  the  body  of  tl 
villus,  and  are  derived,  like  the  lymph  elsewhere,  from  the  blo< 
of  adjacent  capillaries;  at  least,  they  are  in  part  so  derive 
though  it  may  be  not  wholly,  for  as  we  have  just  seen  the 


of  proteid  material  from  the  intestine  into  the  substance  of  t 
villus  past  the  capillaries  though  not  proved,  must  still  be  co: 
sidered  as  possible. 

We  have  seen  (§  262)  that  the  spaces  of  the  reticulum  of  tl 
villus  are  more  or  less  occupied  by  wandering  cells  of  which  v 
spoke  imder  the  general  term  of  leucocytes.  These  do  not  s 
present  the  same  appearances  and  most  probably  are  not  all  of  tl 
same  kind.  A  number  of  them  may  be  distinguished  by  the  fa 
that  the  cell  body  is  loaded  with  discrete  granules  which  stai 
readily  and  deeply  with  certain  anilin  dyes,  and  which  though  m 
of  a  fatty  nature  turn  black  with  osmic  acid. 

Some  of  these  leucocytes  wander  not  only  through  the  labyrint 
of  the  reticulum  but  pass  into  the  epithelium  between  the  cell 
and  may  project  processes  into,  or  even  make  their  way  eventual] 
into  the  interior  of  the  intestine ;  or  following  the  reverse  cour 
may  wander  from  between  the  epithelium  cells  into  the  body  < 
the  villus;  some  of  them  moreover  undoubtedly  contain  fit 
Hence  the  view  has  been  suggested  that  these  leucocytes  ai 
important  agents,  indeed  the  chief  agents  in  the  absorption  of  fa 
It  has  been  supposed  that  they,  receiving  the  globules  of  fat  int 
their  cell  substance,  in  fact  eating  the  fat  exactly  after  the  mannc 
of  an  amceba,  either  while  projecting  between  the  columnar  cell 
in  which  case  they  carry  their  burden  of  fat  through  the  epitheliui 
into  the  villus,  or  while  wandering  in  the  labjrrinth  of  the  villu 
bear  it  away  bodily  into  the  lymphatic  system.     But  the  number  c 
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leucocytes  really  containing  any  appreciable  quantity  of  fat  is  too 
smaU  to  account  for  the  amount  of  fat  absorbed ;  since  as  we  just 
pointed  out  in  a  certain  kind  of  these  cells,  and  this  kind  is  often 
very  abundant,  the  granules  in  the  cell  substance  which  stain  with 
oonic  acid  are  not  fat.  Nor  is  the  abundance  of  leucocytes  in  the 
mucous  membrane  during  the  period  of  digestion  a  sure  proof  that 
they  are  concerned  in  absorption,  but  rather  an  indication  only 
that  active  changes  of  some  kind  are  going  on,  since  after  the 
admimstration  of  a  saline  such  as  magnesium  sulphate,  which 
produces  eflfects  the  very  reverse  of  absorption,  these  leucocytes  are 
present  in  unusual  numbers.  Moreover  under  some  circumstances, 
M  in  the  villi  of  a  new-bom  puppy  after  a  meal  of  milk,  they 
are  absent  even  when  digestion  of  fet  is  rapidly  going  on  and  the 
lacteals  are  filling  with  fat.  In  fact,  what  we  stated  above 
concerning  the  presence  of  fet  in  the  bodies  of  the  columnar  cells 
shews  that  leucocjrtes  can  have  little  to  do  in  transferring  fat  from 
the  interior  of  the  intestine  into  the  body  of  villus ;  and  there  are 
00  adequate  reasons  for  attributing  to  them  any  real  share  in  the 
transference  of  fat  from  the  body  of  the  villus  into  the  lacteal 
chamber. 

§  311.  The  lacteal  chamber  opens  at  the  base  of  the  villus 
into  the  valved  Ijrmphatic  vessels  lying  below,  and  in  these  the 
fiow  of  Ijrmph  (chyle)  is  being  promoted  by  the  various  causes 
detailed  in  §  300.  The  pressure  for  instance  exerted  by  the 
peristaltic  contractions  of  the  intestine  helps  to  empty  the  Ijnn- 
phatic  vessel  into  which  a  lacteal  chamber  opens  and  so  promotes 
the  emptying  of  the  latter.  In  addition  to  this  the  plain  muscular 
fibres  of  the  villus  supply  a  special  muscular  pump  for  the  empty- 
ing and  filling  of  the  lacteal  chamber.  These  fibres  and  small 
Iwidles  of  fibres  though  running  in  various  directions  (§  262)  and 
varying  in  number  and  arrangement  in  different  animals,  take  on 
the  whole  a  longitudinal  direction  parallel  to  the  long  axis  of  the 
^us.  It  has  been  supposed  that  in  contracting  and  shortening 
the  villus  they  compress  the  lacteal  and  thus  empty  it,  and  that 
^hen  they  relax  and  the  villus  elongates  again,  the  emptied  chamber 
fills  once  more.  But  a  different  interpretation  of  their  action  has 
h^  offered  somewhat  as  follows.  When  the  muscular  fibres 
^ntract  they  shorten  the  villus.  In  thus  becoming  shorter  the 
"^y  of  the  villus  becomes  proportionately  broader,  since  probably 
1^0  great  change  of  bulk  in  the  reticulum  takes  place ;  in  this 
"'oadening  the  part  to  give  way  will  be  the  lacteal  chamber,  which 
wius  becomes  broader  and  larger.  When  the  muscular  fibres  relax, 
the  reticulum,  the  bars  of  which  have  been  put  on  the  stretch  in 
*  lateral  direction,  by  elastic  reaction  brings  back  the  villus  to  its 
^er  length,  and  the  lacteal  chamber  elongates  and  narrows.  On 
this  view  the  muscular  contraction  expands  and  so  fills,  while  the 
relaxation  narrows  and  so  empties  the  lacteal  chamber.  Which- 
ever view  we  adopt,  we  may  at  least  conclude  that  contractions 
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and  relaxations  of  the  muscular  fibres  in  some  way  or  othe 
alternately  fill  and  empty  the  lacteal  chamber,  and  in  all  probabi 
lity,  at  all  events  during  digestion,  rhjrthmical  contractions  of  thes- 
fibres  are  continually  going  on.  When  the  villus  is  shortened  b; 
the  contraction  of  the  muscular  fibres,  the  columnar  cells  ar 
compressed,  becoming  longer  and  narrower;  when  the  muscula 
fibres  relax  and  the  villus  elongates,  the  columnar  cells  return  t< 
their  previous  form.  The  alternating  changes  of  form  to  whicl 
the  columnar  cells  are  thus  subjected,  and  the  alternating  change 
of  pressure  taking  place  in  the  reticulum,  may  also  serve  to  promot 
the  passage  of  material  through  the  one  and  through  the  other. 

5  312.  The  Absorption  of  Diffusible  Substances  and  of  Watea 
On  the  provisional  assumption  which  we  have  made  that  th 
proteids  are  converted  into  peptone,  we  may  consider,  for  th 
present  at  all  events,  peptone,  sugar  and  soluble  salts  as  togethe 
forming  a  class  distinguished  fi-om  fats  by  their  being  diffusibh 
some  more  so  than  others.  And  we  have  made  the  furthe 
provisional  assumption  that  these  pass  into  the  blood  vessels  an 
not  into  the  lacteals. 

The  network  of  capillary  blood  vessels  is  spread  as  we  hav 
seen  (§  262)  immediately  beneath  the  basement  membrane,  an 
all  the  material  which  enters  the  lacteal  chamber  has  to  ni 
the  gauntlet  of  the  meshes  of  this  network.  During  digestion  th 
capillaries  of  the  intestine  are  filled  and  distended,  so  that  at 
time  when  absorption  is  taking  place  these  meshes  between  th 
capillaries  are  unusually  narrow.  From  the  interior  of  thee 
capillaries,  here  as  elsewhere,  transudation  is  taking  place ;  thefi 
capillaries  supply  the  lymph  which  helps  to  fill  up  the  labjnrint 
of  the  reticulum  and  the  lacteal  chamber.  But  to  a  much  greati 
extent  than  elsewhere  (c£  §  302)  this  current  of  transudation  fix)i 
within  the  capillary  to  without  is  accompanied  by  a  reverse  currei 
from  without  to  within.  The  difiusible  substances  in  questio 
pass  from  the  intestine  through  the  layer  of  epithelium  cell 
through  the  attenuated  reticular  lymph-space  between  the  basi 
ment  membrane  and  the  capillary  wall,  and  through  the  capillai 
wall  into  the  blood  current.  Their  passage  consiste  of  two  stagef 
that  through  the  epithelium  cells  from  the  intestine  to  the  lympl 
space,  and  that  from  the  lymph-space  into  the  blood  vessels.  Thes 
two  stages  may  be  expected  to  differ,  seeing  that  the  structure 
concerned  are  different;  but  we  may  at  first  consider  them  s 
one,  and  speak  of  the  passage  from  the  intestine  into  the  blood  i 
a  single  event. 

In  speaking  of  these  substances  as  diffusible  we  are  using  th 
term  in  reference  to  the  well-known  passage  of  such  substance 
through  thin  membranes  or  porous  partitions.  When  a  stron 
solution  of  sugar  or  of  common  salt  is  separated  by  a  thin  men 
brane  (vegetable  parchment,  dead  urinary  bladder,  dead  intestin 
&c.)  from  a  weak  solution  of  sugar  or  of  salt,  the  sugar  or  sa 


Chap,  i.]   TISSUES  AND  MECHANISMS  OF  DIGESTION.    521 

l»sse8  with  a  certain  rapidity  from  the  stronger  to  the  weaker 
solution,  and  water  passes  from  the  weaker  solution  to  the 
stronger;  if,  to  begin  with,  simple  water  be  substituted  for  the 
weaker  solution  the  effect  is  at  first  still  more  striking.  Peptone 
passes  in  the  same  manner  but  as  we  have  seen  much  more  slowly. 
The  process  is  spoken  of  as  a  physical  one  since  it  is  not  accom- 
panied, necessarily,  by  any  chemical  change  in  the  diffusing 
substance,  nor  is  there  any  necessary  change  in  the  membrane  or 
partition.  The  rate  at  which  a  substance  diffuses,  and  the  total 
amount  of  difiusion  which  can  take  place,  are  determined  by 
certain  qualities  of  the  substance  (which  we  may  call  physical 
though  they  depend  on  the  chemical  nature  of  the  substance)  in 
relation  to  certain  qualities  of  the  membrane ;  thus  two  salts  may 
diffuse  through  the  same  membrane  at  different  rates,  with 
<ii8erent  rates  in  the  associated  current  of  water,  the  osmotic 
current  as  it  is  called,  from  the  weaker  to  the  stronger  solution ; 
and  the  same  substance  may  pass  at  different  rates  through 
different  membranes.  By  a  number  of  observations,  in  which 
various  substances  in  solution  and  several  known  membranes  or 
partitions  have  been  employed,  a  certain  number  of  "laws  of 
diffusion  "  have  been  established. 

Now  if  by  the  statement  that  diffusible  substances  pass  by 
diffusion  into  the  blood-capillaries  of  the  intestine  we  are  led 
to  expect  that  the  passage  takes  place  exactly  according  to  the 
laws  established  by  observations  on  ordinair  membranes  we  should 
be  led  into  error ;  for  the  disappearance  of  these  substances  from 
the  mterior  of  the  intestine  does  not  take  place  according  to  the 
laws  which  regulate  their  disappearance  from  one  side  of  an 
<»dinary  diffusion  septum.  This  can  be  iiscertained  by  introducing 
^lutions  of  the  substances,  of  various  strength,  into  a  loop  of 
intestine,  isolated  in  the  living  animal  by  the  method  described  in 
§250,  and  watching  their  disappearance  by  analysis  of  the  contents 
f f  the  loop.  No  very  large  number  of  experiments  have  been  made 
m  this  way,  but  such  as  have  been  made  all  shew  the  difference 
on  which  we  are  dwelling.  For  instance,  sodium  sulphate  passes 
through  an  ordinary  diffusion  septum  with  a  rapidity  rather 
Peater  than  that  of  dextrose,  whereas  dextrose  disappears  from 
^^^  intestine  distinctly  more  rapidly  than  sodium  sulphate; 
peptone  which  diffuses  very  slowly  indeed  through  an  ordinary 
^'ifiusion  septum  disappears  rapidly  (though  not  so  rapidly  as 
dextrose)  from  the  intestine;  and  when  the  details  of  the  disap- 
pearance from  the  intestine  of  weak  solutions  of  two  salts  which 
Effuse  through  an  ordinary  membrane  at  different  rates,  which 
■^ve  as  it  is  said  different  osmotic  equivalents,  are  studied,  these 
details  are  quite  different  from  those  of  ordinary  diffusion.  The 
•^ore  the  matter  is  studied  the  more  decidedly  apparent  becomes 
^he  difference  between  ordinary  diffusion  and  the  absorption  of 
diffusible  substances  from  the  intestine. 
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Moreover,  in  such  experiments  on  an  isolated  loop  of  intestine, 
the  disappearance  of  material  from  the  intestine  is  accompanied 
by  the  appearance  of  material  in  the  intestine,  namely  proteid  and 
other  substances;  these  are  derived  from  the  blood.  And  the 
question  arises,  If  we  allow  ourselves  to  regard  the  passage  oi 
material  from  the  interior  of  the  intestine  into  the  blood  as 
carried  out  by  ordinary  diflFiision,  why  we  should  not  rerard  the 
passage  of  material  from  the  blood  into  the  interior  of  the  intestine 
as  being  also  carried  out  by  means  of  diffusion  ?  But  such  a 
passage  we  speak  of  elsewhere  as  a  "secretion";  and  everything 
which  we  have  hitherto  learnt  has  led  us  to  the  conclusion  that 
secretion  is  a  different  and  much  more  complex  thing  from  mere 
diffusion.  Even  admitting  that  the  succus  entericus  is  of  subor- 
dinate importance  in  canying  out  digestive  changes,  wc  cannot 
doubt  that  the  glands  of  Lieberklihn  secrete,  and  may  with  some 
reason  suppose  that  the  columnar  cells  of  the  villi  do  so  also. 
Hence  even  if  we  assume  the  existence  of  an  ordinary  diffusion 
current  from  the  blood  into  the  intestine,  accompanying  and 
complementary'  to  an  ordinary  diffusion  current  frx^m  the  intestine 
into  the  blood,  we  are  compelled  to  admit  that  with  this  there 
coexists,  at  times  at  all  events,  and  in  varj'ing  intensity,  a  current 
of  a  different  and  more  complex  nature,  a  current  wnich  is  the 
result  of  secretory  activity.  And  results  which  at  first  sight  seem 
explicable  by  the  former,  may,  after  all,  be  due  to  the  latter. 
Thus  the  flow  of  water  into  the  intestine  with  the  subsequent 
production  of  a  watery  stool,  which  follows  upon  the  introduction 
into  the  alimentary  canal  of  a  concentrated  solution  of  magnesium 
or  sodium  sulphate,  may  at  first  sight  seem  to  be  simply  the 
osmotic  current  passing  from  the  weaker  solution  of  the  salt, 
namely  the  blood,  to  the  stronger  solution  of  the  salt,  namely  the 
intestinal  contents.  But  the  difference  between  these  effects  of  a 
dose  of  magnesium  sulphate  and  those  of  a  corresponding  dose  of 
sodium  chloride  are  much  greater  than  can  be  accounted  for  by 
the  diffiision  phenomena,  by  the  differing  osmotic  equivalents  of 
the  two  substances ;  and  the  more  the  matter  is  studied  the  more 
reason  have  we  to  believe  that  the  flow  of  water  produced  by 
the  former  is  to  a  large  extent  the  result  of  suddenly  increased 
secretory  activity.  So  also  the  fact  that  the  contents  of  the  small 
intestine  throughout  its  length  retain  the  same  amount  of  water 
relatively  to  the  solids,  that  is  to  say  maintain  the  same  or  nearly 
the  same  fluidity,  whereas  in  the  large  intestine  the  water  relatively 
diminishes  until  at  last  the  faeces  become  firm  and  even  dry,  cannot 
be  wholly  explained  without  calling  into  our  aid  variations  in  active 
secretion  as  distinguished  trom  mere  physical  diffusion.  And  iu 
the  case  of  a  purgative  such  as  croton  oil  producing  a  watery 
stool,  when  only  a  minimal,  we  might  almost  say  an  infinitesimal 
amount  of  its  own  substance  can  at  any  one  time  be  present  in 
the  intestinal  walls,  the  result  is  obviously  due  to  active  secretion. 
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If,  however,  we  are  thus  driven  to  the  conclusion  that  the 
pasBage  from  the  blood  into  the  intestine  is  a  manifestation  of 
secretory  activity  in  which  epithelium  cells  play  a  part,  gradually 
becoming  lijbtle  by  little  more  intelli^ble  to  us,  why  should  we 
not  admit  that  the  passage  from  the  intestine  to  the  blood,  which 
as  we  have  seen  does  not  accord  in  its  phenomena  with  known 
processes  of  ordinary  diffusion,  is  also  brought  about  by  the 
activity  of  cells,  is  in  fact  a  kind  of  inverted  secretion,  and 
hence  like  ordinary  secretion  presents  problems  which  cannot  be 
solved  by  any  off-hand  references  to  known  physical  processes? 
Indeed  this  is  the  conclusion  towards  which  observation  and 
experiment  seem  to  be  steadily  leading  us.  Were  the  alveolus  of 
a  salivary  gland  habitually  filled  with  a  fluid  of  mixed  and  varied 
nature  like  the  contents  of  the  alimentary  canal,  we  should 
probably  in  our  study  of  the  gland  find  ourselves  compelled  to 
speak  of  a  double  current  as  existing  in  the  gland,  of  a  current 
ffom  the  cells  to  the  lumen  of  the  alveolus,  and  of  a  current  from 
the  lumen  to  the  cells.  And  all  along  the  intestine  both  the 
columnar  and  cubical  cells,  which  everywhere  bear  the  marks  of 
being  "  active  "  cells,  may  perhaps  be  regarded  as  engaged  in  a  like 
double  frmction.  Over  the  villi  the  receptive  function,  in  the 
glands  of  Lieberkiihn  the  ejective  function  is  predominant ;  but  as 
ve  have  suggested,  §  265,  in  the  glands  reception  probably  is  not 
wholly  absent,  and  we  may  imagine  that  in  the  villi  some 
amount  of  ejection  (quite  apart  from  the  action  of  the  goblet 
cells)  may  take  place. 

If  this  view  be  accepted,  if  we  admit  that  the  entrance  of 
digested  food  does  not  take  place  by  ordinary  diffusion,  the  question 
jnay  be  asked  why  are  the  digestive  changes  directed  towards 
increased  diffusibility,  why  are  proteids  converted  into  diffusible 
peptones,  and  why  is  starch  converted  into  sugar?  Because  though 
^e  cell  is  not  an  apparatus  for  diffusion,  diffusion  is  an  instrument 
rf  which  the  cell  makes  use.  When  we  say  that  peptone  does  not 
^ter  the  blood  by  ordinary  diffusion  we  do  not  mean  that  diffusion 
has  nothing  to  do  with  the  matter.  The  activity  of  a  livings  cell  is 
*ii  activity,  built  up  upon  and  making  use  of  various  chemical  and 
physical  processes ;  in  it  the  processes  of  ordinary  diffusion  play 
Aeir  part  as  do  the  processes  of  ordinary  chemical  decomposition ; 
hut  the  cell  uses  and  modifies  them  for  its  own  ends.  If  as  we 
have  every  reason  to  believe  the  cell  of  a  villus  passes  the  sugar 
changed  from  the  intestine  into  the  blood  capillary,  it  makes  use 
pf  diffusion  to  effect  that  passage ;  and  if  it  does  change  the  proteid 
^to  something  else  before  it  passes  it  on,  it  receives  it  into  itself  in 
^e  first  instance  by  help  of  diffusion.  When  we  say  that  substances 
4>not  enter  the  blood  by  ordinary  diffusion  we  mean  that  the  dif- 
'WoQ  which  takes  place  in  a  living  cell  is  something  so  different  in 
fhe  results  ftx)m  ordinary  diffusion  through  a  dead  membrane  that 
it  is  undesirable  to  speak  of  it  by  the  same  name.     In  ordinary 
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diffusion  the  results  depend  on  the  relation  of  the  molecules  of  the 
diffusing  substance  to  the  minute  pores  or  canals  or  spaces  in  th( 
diffusion  septum.  These  canals  or  spaces  are  constant  in  ai 
ordinary  septum ;  but  a  film  of  a  living  cell  may  be  conceived  o 
as  a  diffusion  septum  the  pores  of  which  are  continually  varying 
and  moreover  as  closing  up  or  opening  out  at  the  touch  of  thii 
or  that  substance ;  hence  the  passage  of  material  throuc^h  th< 
pores  of  a  living  cell  takes  place  according  to  laws  quite  differen 
f5rom  those  of  ordinanr  diffusion. 

§  313.  The  whole  act  of  the  absorption  of  substances  witi 
which  we  are  dealing  consists,  as  we  have  said,  of  two  parts 
the  passage  from  the  interior  of  the  intestine  through  th( 
epithelium  cell  into  the  lymph-spaces  or  reticulum  of  the  villuf 
and  the  passage  thence  through  the  capillary  wall  into  the  blood 
stream.  In  tne  experiments  referred  to  above  it  has  not  beei 
possible  to  distinguish  between  these  two  stages  of  the  whol< 
process ;  in  each  case  we  have  had  to  make  use  of  the  terms  *  froD 
the  interior  of  the  intestine  into  the  blood '  and '  from  the  blood  infc 
the  interior  of  the  intestine.'  Nevertheless  the  remarks  whicl 
have  just  been  made  may  be  taken  as  referring  more  especially  t 
the  first  stage.  They  lead  us  to  the  conclusion  that  both  fet 
and  diffusible  subtances,  though  in  different  ways,  are  carrier 
into  the  interior  of  the  villus  by  the  activity  of  the  epithelius 
cells. 

In  respect  to  the  second  stage  of  the  absorption  of  diffusibL 
substances,  it  might  be  expected  that  part  of  one  or  other  of  thes 
substances,  part  of  the  sugar  for  instance,  arrived  inside  th 
basement  membrane  should  slip  by  the  capillary  blood  vessel  an< 
passing  through  the  meshes  of  the  capillary  network  make  it 
way  into  the  lacteal.  And  indeed,  as  we  have  seen,  §  30^ 
under  certain  circumstances  some  amount  of  sugar  appears  t 
take  this  course.  But,  as  we  have  also  seen,  under  ordinar 
circumstances  the  current,  whatever  be  its  exact  nature,  firor 
the  narrow  lymph-spaces  lying  between  the  epithelium  and  th 
capillary  into  the  blood-stream  is  strong  enough  to  carry  all  c 
nearly  all  the  sugar  into  the  blood.  In  the  establishment  of  thi 
current,  in  this  second  stage  of  absorption  diffusion  always  pla} 
a  part,  and  probably  a  stul  more  conspicuous  and  decided  pai 
than  in  the  first  stage,  seeing  that  the  epithelioid  plate  of  th 
capillary  wall  is  a  far  less  active  structure  than  the  columnar  ce 
of  a  villus.  Indeed  it  might  be  open  for  us  to  contend  that  th: 
second  stage  was  merely  a  matter  of  diffusion,  whatever  might  b 
the  nature  of  the  first  stage.  But  remembering  what  was  sai 
above,  §  302,  in  discussing  the  transudation  of  lymph,  it  seeno 
more  in  accordance  with  what  we  already  know,  to  conclude  the 
in  this  second  stage  also  diffusion  is  the  servant  and  not  th 
master  of  the  living  capillair  wall. 

A  word  may  be  added,  concerning  the  special  case  of  th 
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peptones.  As  we  have  said,  the  peptones  in  being  absorbed  appear 
to  undergo  a  change  somewhere  in  the  mucous  membrane.  We  do 
not  know  exactly  where  or  how  the  change  takes  place.  It  seems 
pcobable  that  so  marked  and  difficult  a  change  should  require  the 
intervention  of  some  active  living  tissue,  and  we  may  therefore 
suppose  that  it  is  effected  by  the  epithelium  cells;  but  we  have  no 
exact  knowledge  on  this  point.  If  the  change  be  thus  carried  out 
b?  means  of  the  epithelium  cells,  then  the  latter  stage  of  the 
absorption  of  proteids,  namely  the  passage  from  the  epithelium 
into  the  interior  of  the  capillary  is  not  a  passage  of  diffusible 
peptone,  but  of  some  other  non-diffusible  kind  of  proteid.  It 
may  be  however  that  the  change  takes  place  during  the  very 
paass^  of  the  material  through  the  capillary  wall. 

The  view  that  leucocytes  are  the  agents  of  the  absorption  of 
&t,  by  bodily  taking  up  the  fat  into  their  cell-substance,  has  by  some 
been  extended  to  proteids ;  it  has  been  urged  that  these  take  up 
proteids  either  as  peptones  or  in  some  other  form  and  so  carry 
them  into  the  lymphatic  system.  But  the  evidence  for  this  view 
is  even  less  convincing  than  in  the  case  of  fat. 


CHAPTER  II. 


RESPIRATION. 

SEC.  1.     THE  STRUCTURE  OF  THE  LUNGS  AND 

BRONCHIAL  PASSAGES. 


§  314.  One  particular  item  of  the  body's  income,  viz.  oxygen, 
is  peculiarly  associated  with  one  particular  item  of  the  body's 
waste,  viz.  carbonic  acid,  in  as  much  as  the  means  which  are 
applied  for  the  introduction  of  the  former  are  also  used  for  the 
getting  rid  of  the  latter.  Both  are  gases,  and  the  ingress  of  the 
one  as  well  as  the  egress  of  the  other  is  fer  more  dependent  on 
the  simple  physical  process  of  diffusion  than  on  any  active  vital 
processes  earned  on  by  means  of  tissues.  Oxyeen  passes  fix>m 
the  air  into  the  blood  mainly  by  diffusion,  and  mamly  by  diffusion 
also  from  the  blood  into  the  tissues;  in  the  same  way  carbonic 
acid  passes  mainly  by  diffusion  from  the  tissues  into  the  blood, 
and  from  the  blood  mto  the  air.  Whereas,  as  we  have  seen,  in 
the  secretion  of  the  digestive  juices  the  epithelium-cell  plays  an 
all-important  part,  in  respiration  the  entrance  of  oxygen  from  the 
lungs  into  the  blood,  ana  from  the  blood  into  the  tissue,  and  the 
passage  of  carbonic  acid  in  the  contrary  direction,  are  affected,  if 
at  all,  in  a  wholly  subordinate  manner,  by  the  behaviour  of  the 
pulmonary,  or  of  the  capillary  epithelium.  What  we  have  to  deal 
with  in  respiration  then  is  not  so  much  the  vital  activities  of  any 
particular  tissue,  as  the  various  mechanisms  by  which  a  rapia 
mterchange  between  the  air  and  the  blood  is  effected,  the  means 
by  which  the  blood  is  enabled  to  carry  oxygen  and  carbonic  acid 
to  and  ftx)m  the  tissues,  and  the  manner  in  which  the  several 
tissues  take  oxygen  from  and  give  carbonic  acid  up  to  the  blood. 
We  have  reasons  for  thinking  that  oxygen  can  be  taken  into  the 
blood,  not  only  from  the  lungs,  but  also  to  a  certain  small  extent 
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from  the  skin,  and,  as  we  have  seen,  from  the  alimentary  canal 
also ;  and  carbonic  acid  certainly  passes  away  from  the  skin,  and 
through  the  various  secretions,  as  well  as  by  the  lungs.  Still  the 
lungs  are  so  eminently  the  channel  of  the  interchange  of  gases 
between  the  body  and  the  air,  that  in  dealing  at  tne  present 
with  respiration,  we  shall  confine  ourselves  entirely  to  pulmonary 
respiration,  leaving  the  consideration  of  the  subsidiary  respiratory 
processes  till  we  come  to  study  the  secretions  of  which  they 
respectively  form  part.  We  may  turn  at  once  to  the  structure 
of  the  lungs  and  oronchial  passages,  including  in  the  latter  the 
trachea  but  leaving  the  larynx  until  we  come  to  study  the  voice. 

§  316.     The   lun?   takes  origin  as  a  diverticulum  from  the 
alimentary  canal,  and  we  may  consider  it  as  a  large  branched 
specially-modified  gland  lined  with  mucous  membrane  and  con- 
sisting of  a   conducting  portion  and   a   secreting   portion;    the 
trachea,  the  two  bronchi  into  which  this  divides,  and  the  numerous 
l>ronchia,  or  smaller  passages  branching  out  from  these,  represent 
ducts,  and  the  secreting  alveoli  of  an  ordinary  gland  are  repre- 
sented by  what  we  shall  presently  describe  as  air-cells  or  pulmonary 
alveoli ;  but  it  must  be  Dome  in  mind  that,  as  we  have  just  said, 
active  secretion  by  the  epithelium  lining  these  pulmonary  alveoli 
is  reduced  to  a  mmimum  or  possibly  absent  altogether. 

The  complex  structure  of  the  mammalian  lung  will  be  rendered 
easier  of  comprehension  if  we  first  say  a  few  words  on  the  structure 
of  a  much  simpler  lung,  such  as  that  of  the  newt  or  the  frog. 

The  lung  of  the  newt  is  a  long  oval  sac  opening  by  a  short 
sbgle  broncnus  into  a  very  short  trachea.     It  may,  by  inflation, 
be  largely  distended,  and  when  the  pressure  is  removed  collapses 
and  shrinks  to  a  very  small  bulk.     Its  walls  are  therefore  highly 
elastic,  in  the  sense  in  which  we  have  so  often  used  that  word. 
Thej  consist,  like  mucous  membrane  elsewhere,  of  an  epithelium 
'^tmg  on  a  connective  tissue  basia     This  connective  tissue  basis, 
^hich  is  very  thin  when  the  lung  is  distended,  contains  a  very 
^^ige  number  of  elastic  fibres  of  various  sizes  but  mostly  small ; 
tbese  give  the  wall  the  elasticity  just  spoken  of     The  pulmonary 
^^tery,  carrying  venous  blood,  divides  near  the  neck  of  the  sac 
^^to  branches  which,  running  in  the  connective-tissue  of  the  wall, 
hfeak  up   into  an   exceedingly  close-set   network   of  capillaries 
iBamediately   underneath   the    epithelium.     The    capillanes    are 
^benwelves  relatively  wide  but  the  meshes  are  very  narrow,  being 
^  many  cases  less  than  the  diameter  of  a  capillary.     The  epithe- 
lium over  the  whole  of  the  sac  consists  of  a  single  layer  of  cells, 
yhich,  except  at  the  neck  of  the  sac,  are  modified  into  thin  plates 
^  a  somewhat  peculiar  manner.     Three  or  more  cells  converge 
together  towards  the  middle  of  each  of  the  islands  or  meshes  of 
tbe  capillary  network.     The  nucleus  of  each  cell  is  placed  within 
the  area  of  the  mesh  or  island  near  the  convergence  of  the  cell 
^th  its  neighbours,  but  a  large  part  of  the  cell  stretches  over  the 
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capillary  surrounding  the  island  to  meet  a  similar  extension  o 
another  cell  whose  nucleus  is  placed  in  the  next  island.  The 
part  of  the  cell  in  which  the  nucleus  is  placed,  though  thin,  has 
some  little  depth,  but  the  part  of  the  cell  stretching  over  the 
capillary  is  reduced  to  the  merest  film.  Hence  each  island  or 
mesh  is  occupied  by  the  nuclei  and  by  the  thicker  parts  of  two, 
three  or  more  converging  cells,  while  the  capillary  network  sur- 
rounding the  island  is  separated  from  the  interior  of  the  lung  by 
the  extremely  thin  flat  expansion  of  cells  belonging  to  that  and 
to  the  neighbouring  islands.  The  blood  passmg  through  the 
capillary  is  in  consequence  separated  from  the  air  in  the  lung  by 
nothing  more  than  the  capillary  wall  itself  and  a  film,  which  has 
not  even  the  thickness  of  a  flat  epithelium  cell  but  is  only  a 
wing-like  extension  of  a  cell  itself  flat.  The  capillaries  are  in  &ct 
imbedded  as  it  were  in  the  epithelial  layer.  By  this  means  the 
partition  between  the  blood  and  the  air  is  reduced  to  almost  the 
narrowest  possible  limits.  Near  the  neck  of  the  sac  the  network 
becomes  more  open,  and  at  the  neck  the  peculiar  epithelium  just 
described  somewhat  suddenly  changes  into  a  single  layer  of  rather 
short  but  otherwise  ordinary  columnar  ciliated  cells. 

The  outer  part  of  the  connective  tissue  basis,  away  fix>m  the 
epithelium,  becoming  somewhat  looser  in  texture  but  still  richly 
provided  with  elastic  fibres,  contains  besides  the  small  arteries  and 
veins  belonging  to  the  capillary  networks  many  small  bundles  of 
plain  muscular  fibres,  chiefly  running  in  a  circular  or  transverse 
direction.  Small  branches  of  the  vagus  nerve  pass  to  the  lung, 
running  in  company  with  the  pulmonary  veins;  connected  with 
these,  towards  the  upper  part  of  the  lung,  are  numerous  small 
groups  of  nerve  cells.  The  nerve  fibres,  which  are  chiefly  non- 
medullated,  though  medullated  fibres  are  also  present,  end  probably 
in  the  muscular  fibres  or  in  the  blood  vessels.  Branched  pigment 
cells  are  also  present. 

§  316.  The  lung  of  the  frog  repeats,  in  structure,  most  of  the 
features  of  the  newt's  lung  just  described,  but  is  more  complicated. 
The  cavity  of  the  sac,  especially  in  its  upper  part,  is  broken  up  by 
a  number  of  partitions  or  septa  projecting  into  the  interior.  Each 
septum  is  a  fold  of  the  wall  of  the  cavity,  and  consists  of  a  middle 
basis  of  connective  tissue,  covered  on  each  side  with  epithelium. 
From  these  primary  septa  start  in  a  similar  manner  secondary 
septa  of  a  similar  structure,  projecting  into  the  open  chambers  or 
divisions  of  the  whole  sac,  formed  by  the  primary  septa,  and 
dividing  these  into  smaller  open  chambers;  and  many  of  these- 
secondary  septa  bear  in  a  similar  manner  similar  tertiary  septa, 
dividing  the  secondary  chambers  into  tertiary  chambers,  or  alveolL 
In  this  way,  especially  in  its  upper  part,  the  cavity  of  the  lung  is- 
divided  into  a  honeycomb  of  cnambers  or  alveoli,  the  smaller  or 
tertiary  alveoli  opening  into  the  secondary  chambers,  the  secondary 
into  the  primary,  and  the  primary  into  the  general  cavity  of  the 
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lung,  which  in  the  upper  part  of  the  lung  is  reduced  to  a  central 
passage  surrounded  by  the  honeycomb  work  of  the  chambers.  In 
passing  down  from  the  upper  to  the  lower  put  of  the  lung,  we 
find  the  septa  become  fewer,  and  the  honeycomb  more  open ;  the 
tertian'  septa  soon  fail,  then  the  secondary,  and  at  the  very  bottom 
or  end  of  the  lung  even  the  primary  septa  are  absent. 

Each  septum  consists  of  a  middle  basis  of  connective  tissue, 
rich  in  elastic  elements,  provided  with  close-set  networks  of 
capillaries  and  covered  on  each  side  with  epithelium,  the  characters 
<>f  the  epithelium  and  its  relation  to  the  capillaries  being  much 
the  same  a8  in  the  newt.  Hence  in  each  septum  the  blood  is 
freely  exposed  to  the  air  on  each  side  of  the  septum ;  and  the 
arrangement  of  the  honeycomb  work  of  the  alveoli  increases 
largely  the  total  surface  exposed  to  the  air,  and  so  increaseis  the 
exposure  of  the  blood. 

The  plain  muscular  fibres  present  in  the  general  wall  of  the 
luug  pa^  to  a  certain  extent  into  the  septa.  As  in  the  newt,  at 
the  neck  of  the  sac  the  peculiar  flat  *  respiratory  *  epithelium,  for 
now  we  may  perhaps  so  call  it,  changes  into  ciliated  epithelium ; 
traces  of  ciliated  epithelium  are  also  present  at  the  extreme 
ends  of  the  septa. 

§317.  Each  of  the  lobes  of  which  the  mammalian  lung  is 
made  up,  may  be  seen,  at  times  somewhat  indistinctly,  to  be 
divisible  into  lobules.  The  h^onchia,  or  divisions  of  the  right  and 
left  bronchus  respectively,  dividing  dichotomously,  and  running 
hetween  the  lobules  as  interlobular  bronchia,  accompanied  by 
branches  of  the  pulmonary  artery  and  pulmonary  veins,  finally 
plunge  into  and  end  in  lobules  as  *  lobular '  bronchia.  Within  the 
wbules  the  lobular  bronchia  divide  in  a  more  or  less  rectangular 
"manner  into  smaller  'intralobular'  bronchia  or  bronchioles,  often 
^TJoken  of  also  as  alveolar  passages.  Each  such  bronchiole  ends  in 
*n  enlargement  having  more  or  less  the  fonn  of  an  inverted  cone, 
^led  an  in/undibuluvi.  Each  infundibulum  repeats  to  a  certain 
extent  the  structure  of  the  whole  lung  of  the  frog,  or  rather  is 
Uitermediate  between  the  lung  of  the  frog  and  that  of  the  newt. 
The  more  or  less  conical  chamber  of  the  infundibulum  narrowing 
^to  its  bronchiole  is  divided  by  a  number  of  septa  into  secondary 
ehambers  of  a  somewhat  polygonal  form,  the  septa  being  simple 
*^d  not  as  in  the  frog  bearing  secondary  and  tertiary  septa.  Each 
^'  these  secondary  chambers  is  called  an  alveolus ;  it  has  a  base 
^bich  is  part  of  the  wall  of  the  infundibulum,  sides  which  are 
wnned  by  the  septa,  and  a  mouth  which  opens  into  the  general 
^vity  of  the  infundibulum  and  so  into  the  bronchiole.  Similar 
but  less  developed  septa  are  projected  into  the  more  tubular 
^Wty  of  the  bronchiole  itself,  dividing  it,  less  completely,  into 
«veoli ;  hence  the  name  alveolar  passage  ;  these  wholly  disiippear 
before  the  bronchiole  on  its  way  out  from  the  lobule  becomes  a 
definite  bronchium. 
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Each  infundibulum  is  surrounded  by  connective  tissue  carryin 
blood  vessels  and  lymphatics.    A  number  of  infundibula  with  thei 
respective  bronchioles  are  bound  together  by  connective  tissut 
carn'ing  larger  blood  vessels  to  form  a  lobule,  the  bronchiol 
joinmg  to  form  the  lobular  bronchicu     A  number  of  lobules 
bound  together  with  interlobular  bronchia  and  still  larger 
vessels  to  form  a  lobe,  and  several  lobes  join  to  form  the  lun 
When  a  lung  is  iniflated,  and  when  as  after  death  the  blood  vesse 
are  for  the  most  part  emptied  of  blood,  the  inftmdibula  with  thei 
alveoli 'form  by  far  the  greater  part  of  the  bulk  of  the  lung.    Hen 
a  section  taken  through  a  hardened  and  prepared  inflated  lun 
seems  to  be  made  up  almost  wholly  of  a  number  of  polygonal 
frequently  hexagonal  spaces,  which  are  sections  of  alveoli,  an 
among  which  are  seen  sections  in  various  planes  of  bronchia,  sm 
and  large,  and  of  blood  vessels;  here  ana  there  the  section  m_ 
disclose  the  opening  of  a  bronchiole  into  an  infundibulum,  an^rjM'-via 
the  division  of  one   of  the   lobular  bronchia  into  a  number  f»         ^^ 
bronchioles. 

§  318.     The  infimdibulum  repeats  in  structure  as  we  hav.^'  -^:e^^'^ 
said  the  lung  of  the  newt  or  the  fn>g.     A  septum  or  wall  bet^'ee-^-^^^^ 
two  contififuous  alveoli  consists  of  a  thin  median  basis  of  connecti\''^'  -^  ^^^'^ 
tissue,  crowded  with  a  close-set  capillary  network,  and  covered  o<i^ 
each  side  with  an  epithelium.    The  connective  tissue  is  richly  prcrr^^^J^ 
vided  with  tine  elastic  fibres,  but  the  ordinar}"  gelatiniferous  fibrilkl  -f -^^^ 
are  imperfectly  developed,  the  blood  vessels  being  to  a  large  exteirc^*^^^^ 
imbedded  as  it   were  in  a  homogeneous  matrix.     The   septunr^ -«^  ■^^'^ 
especially  towards  its  summit,  is  often  so  thin  that  the  capillaiy  i.     ^C^ 
expi>sod  to  the  air  on  bi>th  sides.     The  cells  of  the  epitheliuniJ ''-^ -"^^^ 
which  is  much  bettor  shewn  in  the  lung  of  a  young  animal,  anxx-^     ^ 
indeeil  is  in  the  adult  verj-  dirticult  to  see,  are  for  tne  most  paw.#*^^  P^ 
transformeil  into  small  flat   transparent  plates  from  which    thrf^         ^ 
nuclei  have  disiipixninH.1 ;  their  outlines  may  be  distinctly  shew^r^ ^^*.^' 
by  silver  nitrate  treatment  but  otherwise  are  often  very  indistincs^^^-*^"™ 
Between  thest*  dear  tiat  plates  there  occur  small  groups  of  cell ^^^^™ 
distinguished  by  jx^ssessing  nuclei,  and  by  their  cell-substance  beinc*-*'^^^^^" 
granular  and  staining  with  the  ordinarj'  reagents.    These  granulsX  s'X^uia 
ei*Us,  which  are  thiokor  than  the  clear  plates,  are  placed  in  grouf  x-f  ^**^{P 
in  the  meshos  of  the  oapillarj"  networks,  so  that  the  capillari^i"'^*^^^^' 
themselves  an*  vH»veri\l  only  by  the  thin  nucleus-less  plates. 

The  wall  of  the  infundibulum  which  forms  the  bases  of  tU-^       ^"^^ 
st^venil   alviH^li   has  a   similar  stnictuiv,  and   is   lined   with  St  ^^ 

epithelium  oi'  similar  ohanieter.  the  chief  difference  between  tt^     ^A<* 
sides  and  tl\e  l>asi*  of  an  alviH>lus  being  that  while  the  blood  in  tl  ^   ^^(^ 
eapiUarios  oi  the  latter  is  ox}Hvseil  to  the  air  of  the  alveolus  on  or^cz^^^e* 
side  only,  that  of  the  tormor  is  often  exjxised  on  both  sides  of  ev^  ■'^^'"eu 
the  siime  oamllary. 

§  319.     In  ileseribing  the  bn.>uohial  pcvssages  we  had  perhar-   Jki 
Ivtter  IviTiH  with  the  trachea. 
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The  trachea  consists  of  a  ciliated  mucous  membrane,  resting  on 

a  coat  of  connective  tissue,  strengthened  with  hoops  or  imperfect 

rings  of  cartilage  and  provided  with  a  certain  amount  of  plain 

niuscular  tissue.     A   vertical  section  of  the  mucous  membrane 

shews  an  epithelium  consisting  of  three  or  more  layers  of  cells. 

^hoee  in  the  uppermost  layer  being  columnar  ciliatea  cells  (§  93), 

**nd  those   in   the   lower    layers  small   rounded   cells,   the   cell- 

**ub6tance  being  scanty  in  proportion  to  the  nucleus;  it  is  supposed 

^hat  some  of  tnese  small  cells  may  at  times  develope  into  ciliated 

^ells  in  order  to  replace  loss.    Among  ciliated  cells  are  seen  a  certain 

dumber  of  goblet  cells  (§  261).     Beneath  the  epithelium  runs  a 

Gurly  distinct  basement  membrane,  and  below  this  in  turn  is  seen 

*V)me  fine  reticular  tissue,  like  that  in  the  small  intestine  (§  259), 

Containing  in  its  meshes  a  certain  number  of  leucocytes.     Mixed 

^ip  with  the  reticular  tissue,  which  in  different  animals  varies  much 

iu  the  amoiint  present,  are  seen  a  certain  but  variable  number  of 

fine  elastic  fibres.    These  structures  constitute  together  the  mucous 

membrane,  below  which  is  a  somewhat  conspicuous  layer  of  elastic 

tibres,  arranged  more  or  less  in  a  network,  but  running  distinctly 

longitudinally  and  forming  a  longitudinal  elastic  layer  separating 

the  mucous  membrane  above  firom  the  loose  submucous  connective 

tissue  below.     In   this  submucous   tissue   are   placed  a  number 

<)f  small  mucous  or  albuminous  glands,  like  those  of  the  oesophagus, 

the   ducts  of  which  passing  through  the  elastic  layer,  reticular 

tissue  and  epithelium,  open  into  the  canal  of  the  trachea.     The 

outer  part  of  this  submucous  tissue  forms  a  somewhat  denser  coat 

of  connective  tissue,  in  which  are  lodged  hoops  of  hyaline  cartilage, 

that  is  to  say,  rings  which  are  imperfect  behind.    Stretching  trans- 

vereely  between  the  ends  of  each  hoop  of  cartilage  are  several 

bundles  of  plain  muscular  fibres,  completing  the  ring  as  it  were 

T)y  a   muscular  band ;  a   few   longitudinally   disposed   muscular 

bundles  may  also  be  seen  outside  tne  transverse  bimdles.     These 

two  sets  of  muscular  fibres  may  be  taken  as  being  the  remains  of 

the   original   complete  double  muscular  coat  of  the  alimentary 

canal,  almost  obliterated  by  the  introduction  of  the  cartilaginous 

lioo^ 

The  main  purpose  served  by  these  several  structures  is  to 
provide  a  wide  flexible  elastic  tube,  the  bore  of  which  remains 
large  and  open  and  the  lining  smooth  during  the  bending  of  the 
tube.  The  mucous  fluid  secreted  by  the  goblet  cells  and  small 
4glands  helps  to  arrest  solid  particles  carried  in  by  the  inspired  air, 
while  the  cilia  are  continually  driving  that  mucus,  with  the 
particles  entangled  in  it,  upwards  to  the  larynx  and  so  into  the 
mouth.  The  elastic  layer  adapts  the  mucous  membrane  to  the 
variations  in  the  length  of  the  tube  during  its  bending,  and  so 
keeps  it  smooth.  The  transverse  muscles  by  contracting  can  some- 
what narrow  the  bore,  when  required;  but  their  effect  in  this 
direction  can  be  slight  only. 
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§  320.  In  pajssing  from  the  trachea  to  the  bronchi  and  larg< 
bronchia,  the  chief  changes  to  be  observed  are  that  the  cartilag< 
are  no  longer  in  the  form  of  regular  hoops,  but  are  plates  place 
irregularly,  becoming  smaller  and  more  irregular  in  disposition  tl 
smaller  the  tube,  and  that  the  transverse  muscular  fibres  becon 
more  and  more  prominent,  forming  a  distinct  circular  coat  of  son 
thickness.  The  cartilages,  supported  by  a  fibrous  coat  of  coi 
nective  tissue,  lie  entirely  outside  the  muscular  coat,  and  the  sraa 
glands  have  their  ducts  lengthened  so  that  the  bodies  of  the  glau< 
instead  of  lying  in  the  submucous  tissue,  lie  outside  the  museuk 
layer  which  is  pierced  by  their  ducts.  The  tube  becomes  no 
distinctly  a  muscular  tube,  though  the  patency  of  its  bore  and 
certain  amount  of  rigidity  combined  with  flexibility  is  still  secun 
by  the  scattered  plates  and  flakes  of  cartilage.  After  death,  owii 
to  the  contraction  of  the  circular  muscular  fibres,  the  mucoi 
membrane,  like  the  internal  coat  of  an  artery  in  the  same  circun 
stances,  is  thrown  into  longitudinal  folds. 

In  the  smaller  bronchia  the  cartilages  disappear  altogether,  ar 
the  tube  then  consists  of  an  outer  coat  of  connective  tissue  wil 
abundant  elastic  fibres  and  a  considerable  number  of  circular! 
disposed  muscular  fibres,  and  an  inner  coat  of  mucous  membrai 
with  its  own  elastic  layer;  the  supply  of  small  glands  sti 
continues. 

As  one  of  these  bronchia  plunging  into  a  lobule  divides  ini 
bronchioles,  the  columnar  cells  of  the  mucous  membrane  lose  the 
cilia,  become  shorter  so  as  to  be  cubical,  and  are  disposed  i 
a  single  layer  or  at  most  in  two  layers  only.  At  the  same  tin 
the  muscular  fibres  become  more  scanty,  and  are  disposed  not  as 
continuous  coat  but  in  scattered  rings,  the  connective  tissue  coi 
becomes  thinner,  and  the  glands  disappear. 

In  the  bronchioles  themselves  as  they  prepare  to  open  ini 
infundibula,  the  epithelium  cells  become  flat  though  still  retainii 
granular  cell-bodies.  Among  these  however  may  now  be  set 
patches  in  which  the  cells  are  flat  transparent  plates,  many 
which  do  not  possess  a  nucleus;  and  towards  the  inftindibulu 
these  patches  increase  in  number  until  the  epithelium  assumes  tl 
character  which  we  previously  described  as  characteristic  of  tl 
alveoli.  The  muscular  fibres  disappear  or  spread  out  longitud 
nally,  and  the  previously  compact  layer  of  elastic  fibres  now  becom 
scattered  and  spread  out  over  the  alveoli  of  the  infundibulum  ai 
bronchiole.  In  this  way  the  structure  of  the  bronchiole  gradual 
merges  into  that  of  an  alveolus. 

§321.  In  an  infundibulum  and  in  each  of  its  constitue: 
alveoli  what  we  may  consider  as  the  original  wall  of  a  pulmona 
passage,  namely,  a  mucous  membrane  separated  by  submuco 
connective  tissue  from  a  muscular  coat,  is  reduced  to  a  thin  she 
of  connective  tissue  in  which  bundles  of  fibrillse  are  scanty  or  ev« 
absent,  and  which  is  rather  to  be  considered   as   a   membra: 
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**f  homogeneous   nature   containing  imbedded   in  itself  a  large 

'i umber  of  elastic  fibres  and  fibrils  with  a  few  connective  tissue 

^-'orjmsclefl,  and  a  network   of  capillaries   so   close   set   that   the 

membrane   seems   to   be   merely  elastic  material   filling  up  the 

/ne«hes  of  the  network.     On  the  outside,  this  capillary  membrane, 

if    vre   may   so  call   it,  is   continuous  with   the   looser  ordinary 

^^'otmective    tissue,    still    however    containing    abundant    elastic 

*^'l omenta,  which  carries  the  small  arteries  and  veins  going  to  and 

«-'oming  from  the  capillary  network,  and  which  unites  the  infun- 

•-libula   and   bronchioles   into   lobules.     On    the   inside    lies    the 

si-ttcnuat^  epithelium,  all  the  cells  of  which  are  flat  and  some  of 

^'^"hich  are  mere  nucleus-less  plates.     The  muscular  fibres  have 

*-*ither  wholly  disappeared  or,  according  to  some  observers,  persist 

*•>*  a  few  straggfling  fibres  spreading  over  the  infiindibulum.     The 

"terminal  portion  of  the  pulmonary  passage  is  a  sac,  whose  walls 

*^re    reduced   to  almost  the  greatest  possible  thinness  consistent 

'^vith  their  retaining  very  great  elastic  power. 

The  bronchial  passages  of  medium  size  are  essentially  elastic 

*  miscuhir  tubes,  capable  like  the  arteries  of  varj^ing  their  calibre, 
'^ut  unless  their  muscular  fibres  are  thrown  into  unusually  jwwer- 

*  ul  contractions,  remaining  always  fairly  open ;  the  smaller  ones 
■^O'wever,  those  which  are  devoid  of  cartilage,  may  perhaps  close 
^y  collapse.  These  passages  are  lined  by  mucous  membnine,  the 
'^^lls  of  which  are  well  formed  and  active,  some  secreting  mucus, 
*^ud  others  by  their  cilia  driving  that  mucus  onwards  towards 
^he  trachea.  The  air  which  passes  into  the  lungs  is  frequently 
*^Uien  i^dth  impurities,  these  are  entangled  in  the  mucus  of  the 
passages,  especially  the  smaller  ones,  and  so  are  either  carried 
^ipwards  in  the  mucus,  or  as  we  shall  see  otherwise  disposed  of 

The  larger  passages  are  open  flexible  tubes  becoming  more 
*^gidly  open,  and  less  susceptible  to  change  in  calibre  by  muscular 
^-^utraction  the  larger  they  are. 

§  322.     The  lungs  are  well   provided  with  lymphatics.     The 

^'^^ticular  tissue  underlying  the  epithelium  of  the  mucous  membrane 

Is    here  and  there  developed  into  masses  of  true  adenoid  tissue 

^^owded  with  leucocytes,  that  Ls  to  siiy,  into  more  or  less  completely 

^differentiated  lymphatic  follicles,  and  simiUir  follicles  are  met  with 

^^  deeper  parts.    Among  the  flat  polygonal  epithelioid  plates  which 

^^iTii  tne  surface  of  the  pleural  membrane  investing  the  lung  are 

^^ximerous  stomata  (§  290);  and  during  the  rhythmic  movements 

^f  the  lungs  in  breathing  the  lymph  or  serous  fluid  of  the  pleural 

^*avity  is  continually  being  pumped  into  the  lymphatic  vessels  of 

^be  lungs.     These  lymphatic  vessels,  arising  from  IjTuph-spaces  in 

^U  parts  of  the  lungs  including  the  connective  tissue  around  the 

^Iveoli,  and  running  in  the  connective   tissue   binding   together 

bfundibula,  bronchial  tubes  and  blowl  vessels  into  lobules,  and  the 

lobules  into  lobes,  find  their  way  at  last,  after  traversing  several 

lymphatic  (bronchial)  glands  to  the  roots  of  the  lungs,  whence 
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they  pass  from  the  left  lune  to  the  thoracic  duct,  and  from  th 
right  lung  to  the  right  lymphatic  trunk. 

The  impurities  in  the  inspired  air  spoken  of  above  as  arreste 
in  the  mucus  lining  the  bronchial  passages  often  make  their  wa 
through  the  epithelium  into  the  lymphatics  below  and,  carrie 
away  in  the  lymph  stream,  are  often  retained  in  the  bronchia 
lymphatic  glands.  At  times  these  glands  become  in  this  wa 
loaded  with  particles  of  carbon. 

The  blood  vessels  of  the  lungs  do  not  call  for  any  specit 
comment  save  perhaps  that  the  pulmonary  veins  are  destitut 
of  valves ;  and  that  special  arteries,  the  bronchial  arteries,  startin 
from  the  aorta,  are  distributed  to  the  walls  of  the  bronchii 
passa£fes,  to  the  blood  vessels,  to  the  lymphatic  glands  and  to  th 
sub-pleural  tissue,  the  blood  returning  from  them  along  th 
bronchial  veins  into  the  right  vena  azygos  on  the  right  side,  an 
into  the  superior  intercostal  vein 'on  the  left  side. 

§  323.  The  nerves  to  the  lungs  come  chiefly  from  the  vagu 
As,  on  each  side,  the  vagus  nerve  winds  round  the  root  of  th 
lung,  it  gives  oflF  in  front  branches  to  form  the  anterior  pulmonai 
plexus,  and  then,  behind,  stouter  branches  to  form  the  posteric 
pulmonary  plexus.  Both  these,  but  especially  the  latter,  ai 
joined  by  filaments  from  the  sympathetic  system,  more  especial] 
from  the  second,  third,  and  fourth  thoracic  ganglia;  and  it  : 
maintained  by  some  that  fibres  pass  direct  from  the  spin; 
(intercostal)  nerves  into  these  pulmonary  plexuses.  The  upp< 
part  of  the  trachea  is  supplied  by  twigs  from  the  recurrei 
laryngeal  nerve  on  each  side,  and  the  lower  part  by  twig 
(tracheal  branches)  coming  direct  from  the  vagus  trunks. 

Some  of  the  nerve  fibres  thus  reaching  the  lung  along  th 
vagus  nerve  are  efferent  fibres  for  the  muscular  fibres  of  tl 
bronchial  passages  and  trachea.  But,  as  we  shall  see,  the  chi 
and  most  important  fibres  are  afferent  fibres  concerned  in  tl 
regulation  of  respiration.  The  functions  of  the  fibres  coming  froi 
the  sjonpathetic  system  have  not  yet  been  clearly  ascertainec 
but  there  is  evidence  that  some  of  the  fibres  coming  from  tli 
thoracic  ganglia  are  vaso-motor  (constrictor)  fibres  for  the  pulm< 
nary  vessels. 


^fiC.  2.     THE  MECHANICS  OF  PULMONARY  RESPIRATION. 


§  324.     The  lungs  are  placed,  in  a  state  which  is  always  one  of 
^^tension,  sometimes   greater,  sometimes   less,   in   the   air-tight 
^'^orax,  the  cavity  of  wnich  they,  together  with  the  heart,  great 
^lood  vessels  and  other  organs,  completely  fill.    By  the  contraction 
^*  Certain  muscles  the  cavity  of  the  thorax  is  enlarged.    The  lungs 
^*\U8t  follow  this  enlargement  and  be  themselves  enlarged ;  other- 
^^'^se  the  plemral  cavities  would  be  enlarged,  but  this  is  impossible 
^^    long  as  the  walls  are  intact.     The  enlargement  of  the  lung 
^^lisists  chiefly  in  an  enlargement  or  expansion  of  the  pulmonary 
^Iveoli,  the  air  in  which  becomes  by  the  expansion  rarined.     That 
^^  to  say  the  pressure  of  the  air  within  the  lungs  becomes  less  than 
^tat  of  the  air  outside  the  body ;  and  this  difference  of  pressure 
^^Uses  a  rush  of  air  through  the  trachea  into  the  lungs  until  an 
^<luilibrium  of  pressure  is  established  between  the  air  inside  the 
*Ung8  and  that  outside.     This  constitutes  inspiration.     Upon  the 
^laxation  of  the  inspiratory  muscles  (the  muscles  whose  contrac- 
tions have  brought  about  the  thoracic  expansion),  the  elasticity  of 
^he  lungs  and  chest-walls,  aided  perhaps  to  some  extent  by  the  con- 
traction of  certain  muscles,  causes  the  chest  to  return  to  its  original 
'^ize ;  in  consequence  of  this  the  pressure  within  the  lungs  now 
^>ecome8  greater  than  that  outside,  and  thus  air  rushes  out  of  the 
trachea  until  equilibrium  is  once  more  established.     This  consti- 
tutes expiration ;  the  inspiratory  and  expiratory  act  together  form- 
ing a  respiration.     The  fresh  air  introduced  into  the  upper  part  of 
^lie  pulmonary  passages  by  the  inspiratory  movement  contains  more 
^^ygen  and  less  carbonic  acid  than  the  old  air  previously  present  in 
^he  lun^.     By  diffusion  the  new  or  tidal  air,  as  it  is  frequently 
^led,  gives  up  its  oxygen  to,  and  takes  carbonic  acid  from,  the  old 
^^  stationary  air,  as  it  has  been  called,  and  thus  when  it  leaves  the 
priest  in  expiration  has  been  the  means  of  both  introducing  oxygen 
^Jito  the  chest  and  of  removing  carbonic  acid  from  it.    In  this  way, 
^y  the  ebb  and  flow  of  the  tidal  air,  and  by  diffusion  between  it 
^d  the   stationary  air,   the   whole   air   in   the   lungs   is  being 
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constantly  renewed   through   the   alternate   expansion   and   con- 
traction of  the  chest. 

§  326.  In  ordinary  respiration,  the  expansion  of  the  ches 
never  reaches  its  maximum ;  by  more  forcible  muscular  contrac 
tions,  by  what  is  called  laboured  inspiration,  an  additional  thoraci 


expansion  can  be  brought  about,  leading  to  the  inrush  of  a  certaiiK.  j 
additional  quantity  of  air  before  equilibrium  is  established.  TTm^at. 
additional  quantity  is  often  spoken  of  as  complemental  air.  In  the^ 
same  way,  in  ordinary  respiration,  the  contraction  of  the  ches»"J 
never  reaches  its  maximum.  By  calling  into  use  additional  muscle8^=? 
by  a  laboured  expiration,  an  additional  quantity  of  air,  the  so-calle( 
reserve  or  supplemental  air,  may  be  driven  out.  But  even  after  th< 
most  forcible  expiration,  a  considerable  quantity  of  air,  the  residua*^ 
air,  still  remains  in  the  lungs.  The  natural  condition  of  the  lungs  ir 
the  chest  is  in  fact  one  of  partial  distension.  The  elastic  pulmoi 
tissue  is  always  to  a  certain  extent  on  the  stretch  ;  it  is  always, 
to  speak,  striving  to  pull  asunder  the  pulmonary  from  the  parietal 
pleura ;  but  this  it  cannot  do,  because  the  air  can  have  no  access 
the  pleural  cavity.  When,  however,  the  chest  ceases  to  be  air-tighl 
when  by  a  puncture  of  the  chest-wall  or  diaphragm,  air  is  freeh 
introduced  into  the  pleural  chamber,  the  elasticity  of  the  lungs-^ 
pulls  the  pulmonary  away  from  the  parietal  pleura,  and  the  lungr-3 
collapse,  driving  out  by  the  windpipe  a  considerable  quantity  o^^ 
the  residual  air.  Even  then,  however,  the  lungs  are  not  completel]^- 
emptied,  some  air  still  remaining  in  them;  this  is  probably  ai:-£ 
imprisoned  in  the  infundibula  by  collapse  of  the  bronchioles,  whicM^ ' 
as  we  have  seen  have  flaccid  and  not  rigid  walls.  If  in  a  living  i 
animal  the  pressure  of  the  atmosphere  continue  to  have  access  t*---:: 
the  outside  of  a  lung  the  air  thus  imprisoned  is  gradually  absorber*  < 
and  the  lung  becomes  solid.  The  same  result  may  occur  from  th»  .M. 
pressure  of  fluid  accumulated  in  the  pleural  cavity. 

It  need  hardly  be  added  that  when  the  pleura  is  puncturec:^ 
and   air  can   gain  free  admittance   from   the   exterior  into    th-  .M 
pleural    chamber,  since   the   resistance   to   the   entrance   of  th  -J^ 
air  into  the  pleural  chamber  is  far  less  than  the   resistance   t^-^ 
the  entrance  into  the  lungs,  the  effect  of  the  respiratory  move^^ 
ments    is    simply   to    drive    air    in   and   out    of   that   chanibei^^ 
instead  of  in  and  out  of  the  lung.     There  is  in  consequence  n^^ 
renewal  of  the  air  within  the  lungs  under  those  circumstance^^ 
If  there  be  a  sufficient  obstacle  to  the  entrance  of  air  into  th^^ 
pleural  chamber,  such  as  a  fold  of  tissue  blocking  up  the  openingT* 
the  expansion  of  the  chest  may  still  lead  to  a  distension  of  the? 
lungs ;  and  in  this  way  in  some  cases  puncture  of  the  chest  walld 
has  not  seriously  interfered  with  respiration.     The  parietal  and 
pulmonary  pleura  arc,  in  normal  circumstances,  separated  by  a 
very  thin  layer  only  of  fluid,  so  that  we  may  perhaps  speak  of 
them  as  being  in  a  state  of  *  adhesion,*  such  as  obtains  between 
two  wet  membranes  sujKTimposed.     And  it  has  been  suggested 
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^hat  this  adhesion,  having  to  be  overcome  before  the  two  surfaces 
c'aa  separate,  assists  in  preventing  the  entrance  of  air  into  the 
i^>leural  ca\dty  after  puncture  of  the  thorax ;  but  it  has  not  been 
*-•! early  shown  that  this  is  really  of  importance  in  the  matter. 

§  326.     Before  birth  the  lungs  contain  no  air ;  they  are  in  the 
o<:>ndition  called  atelectatic.     The  walls  of  the  alveoli,  the  epithelial 
'ijiing  of  which  is  at   that   time  well   developed,  consisting   of 
O-istinctly   nucleated   cells   with   granular  cell-substance,   are    in 
^*oiitact,  the  cavity  of  the  alveolus  not  having  as  yet  come  into 
^^^^istence ;  the  walls  of  the  bronchioles  are  similarly  in  a  collapsed 
^*<^ridition,  with  their  walls  touching ;  the  more  rigid  bronchia,  like 
^Vie    trachea,  possess  some  amount  of  lumen  which,  however,  is 
^  *^X;xipied  by  fluid.     When  the  chest  expands  with  the  first  breath 
^  *^ken,  the  pressure  of  the  inspired  air  has  to  overcome  the  "  ad- 
■^-^sion,"  obtaining  between  the  walls  of  the  alveoli  thus  in  contact 
^^^ith  each  other  and  also  those  of  the  bronchioles.    The  force  spent 
^^1    thus  opening  out  and  unfolding,  so  to  speak,  the  alveoli  and 
^^5x>nchioles  is  considerable,  and  in  the  expiration  succeeding  the 
*^Tst  inspiration  most  of  the  air  thus  introduced  remains,  the  force 
* -Verted  by  the  chest  in  returning  to  its  previous  dimensions  after 
^  lie  breathing  in,  and  the  elastic  action  of  the  alveoli  being  in- 
^^"^ifficient   to   bring   the  walls  of  the  alveoli  again   into  contact. 
^^Ucceeding  breaths  unfold  the  lungs  more  and  more  until  all  the 
-Iveoli  and  bronchioles  are  o}>ened  up,  and  then  the  whole  force  of 
lie  expirator)'  act   is  directed  to  driving  out  the  previously  in- 
spired air. 

It  is  not,  however,  until  sometime  after  birth  that  the  lungs 
into  that  further  distended  state  of  which  we  spoke  above. 
^^  a  newly-born  animal  there  is  no  negative  pressure  obtaining 
^^  the  pleural  cavities,  the  lungs  when  at  rest  are  not  on  the 
^'^retch,  and  opening  the  thorax  does  not  lead  to  collapse  of  the 
^"^Ogs.  The  state  of  things  obtaining  later  on  is  established,  not 
^^t  once  but  gradually,  and  is  apparently  brought  about  by  the 
^horax  growing  more  rapidly,  and  so  becoming  relatively  more 
^^^^pacious  than  the  lungs.  The  distension  of  the  lungs  in  the 
^^d\ilt  may  be  familiarly  described  as  being  due  to  the  chest  being 
^oo  large  for  the  lungs. 

§  327.     In  man  the  pressure  exerted  by  the  elasticity  of  the 

*viug8  alone  amounts  to  about  5  or  7  mm.  of  mercury.     This  is 

^*stimated  by  tying  a  manometer  into  the  windpipe  of  a  dead 

*^ubject  and  observing  the  rise  of  mercury  which  takes  place  when 

^^e  chest- walls  are  punctured.    If  we  took  7*6  mm.  as  the  pressure, 

^his  would  be  just  1/100  of  the  pressure  of  the  atmosphere.     If 

^^e  chest  be  forcibly  distended  beforehand,  a  much  larger  rise  of 

^^t  mercury  is  observed,  amounting,  in  the  case  of  a  distension 

^^rresponding  to  a  very  forcible  inspiration,  to  30  mm.     In  the 

li^g  body  this  mechanical  elastic  force   of  the    lungs   may  be 

listed  by  the  contraction   of  the   plain  muscular  fibres  of  the 
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bronchi:  the  pressure,  however,  which  can  be  exerted  by  the 
probably  does  not  exceed  1  or  2  mm. 

When  a  manometer  is  introduced  into  a  lateral  opening  oi  tl 
windpipe  of  an  animal,  the  mercury  will  fall,  indicating  a  negati 
pressure  as  it  is  called,  during  inspiration,  and  rise,  mdicating 
positive  pressure,  during  expiration,  both  fall  and  rise  being  slig 
and  varying  according  to  the  freedom  with  which  the  air  passes 
and  out  of  the  chest.  When  a  manometer  is  fitted  vrith  air-tig 
closure  into  the  mouth,  or  better,  in  order  to  avoid  the  suctio 
action  of  the  mouth,  into  one  nostril,  the  other  nostril  and  tl 
mouth  being  closed,  and  efforts  of  inspiration  and  expiration  a 
made,  the  mercury  falls  or  undergoes  negative  pressure  wi' 
inspiration,  and  rises,  or  undergoes  positive  pressure  durii 
expiration.  It  has  been  found  m  this  way  that  the  negatr 
pressure  of  a  strong  inspiratory  effort  may  vary  from  30  to  74  mn 
and  the  positive  pressure  of  a  strong  expiration  from  62 
100  mm. 

The  total  amount  of  air  which  can  be  given  out  by  the  mo 
forcible  expiration  following  upon  a  most  forcible  inspiration,  th 
is,  the  sum  of  the  complemental,  tidal  and  reserve  airs,  has  bee 
called  'the  vital  capacity;'  'extreme  differential  capacity'  is  a  bett 
phrase.  It  may  be  measured  by  a  modification  of  a  gas-meter  call 
a  spirometer ;  and  though  it  varies  largely,  the  average  may  be  p 
down  at  3—4000  c.c.  (200  to  250  cubic  inches). 

Of  the  whole  measure  of  vital  capacity,  about  500  c.c.  (30 
inch)  may  be  put  down  as  the  average  amount  of  tidal  air,  tl 
remainder  being  nearly  equally  divided  between  the  complement 
and  reserve  airs.  The  quantity  left  in  the  lungs  after  the  deepc 
expiration  amounts  to  about  1400  or  2000  c.c. 

Since  the  respiratory  movements  are  so  easily  aflected  by  vario 
circumstances,  the  simple  fact  of  attention  being  directed  to  the  breat 
ing  being  sufficient  to  cause  modifications  both  of  the  rate  and  depth 
the  respiration,  it  becomes  very  difficult  to  fix  the  volume  of  an  avera 
breath.  Thus  various  authors  have  given  figures  varying  from  53  c 
to  792  c.c.  The  statement  made  above  is  the  mean  of  observatio 
varying  from  177  to  699  c.c. 

§  328.  Graphic  Records  of  Respiratory  Movements.  The 
may  be  obtained  in  many  various  ways. 

The  simplest,  readiest  and  perhaps  the  most  generally  useful  nieth 
is  that  of  recording  the  movements  of  the  column  of  air.     This  may 
effected  by  introducing  a  T  piece  into  the  trachea,  one  cross  pie 
being  left  open,  and  the  other  connected  with  a  Marey's  tamlx)ur 
with  a  receiver  which  in  turn  is  connected  with  a  tambour,  see  F: 
37,   and   Fig.    71.      The   movements   of    the   column   of    air   in  t 
trachea  are  transmitted  to  the  tambour,  the  consequent  expansio 
and  contractions  of  which  are  transmitted  to  the  recording  drum 
means  of  a  lever  resting  on  it. 
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Fig.  71.    Apparatus  for  taking  Tracings  op  the  Movements  of  the 

Column  of  Air  in  Bbspiration. 

The  recording  apparatus  shewn  is  the  ordinary  cylinder  recording  appara 
The  cylinder  A  covered  with  smoked  paper  is  by  means  of  the  friction-plate  B 
into  revolution  by  the  spring  clock-work  in  C  regulated  by  Foucault's  regulato 
By  means  of  the  screw  E,  the  cylinder  can  be  raised  or  lowered,  and  by  meant 
the  screw  F  its  speed  may  be  increased  or  diminished. 

The  tracheotomy  tube  t  fixed  in  the  trachea  of  an  animal  is  connected  by  in 
rubber  tubing  a  with  a  glass  T  piece  inserted  into  the  large  jar  G.  From  the  o 
end  of  the  T  piece  proceeds  a  second  piece  of  tubing  b,  the  end  of  which  can  be  eii 
closed  or  partially  obstructed  at  pleasure  by  means  of  the  screw  clamp  c.  From 
jar  process  a  third  piece  of  tubing  d,  connected  with  a  Marey's  tambour  m 
Fig.  37),  the  lever  of  which  I  writes  on  the  recording  surface.  When  the  1 
b  is  open  the  animal  breathes  freely  through  this,  and  the  movements  in  the  ai 
G  and  consequently  in  the  tambour  are  slight.  On  closing  the  clamp  c,  the  ani 
breathes  only  the  air  contained  ih  the  jar,  and  the  movements  of  Uie  lever  of 
tambour  become  consequently  much  more  marked. 

Below  the  lever  is  seen  a  small  time-marker  n  connected  with  an  electro-ma^ 
the  current  through  which  coming  from  a  battery  by  the  wires  x  and  y  is  made 
broken  by  a  clock-work  or  metronome. 

If,  a  receiver  being  used,  the  open  end  of  the  ^-  be  closed, 
animal  breathes  into  and  out  of  the  receiver,  and  the  movements 
the  tambour  are  greatly  increased.  This  has  the  disadvantage  t 
the  air  in  the  receiver  soon  becomes  unfit  for  further  respirat 
A  similar  increase  of  tlie  movements  of  the  lever  of  the  tamh 
may  be  obtained  by  connecting  a  piece  of  india-rubber  tubing  to 
open  end  of  the  ^- .  By  increasing  the  length  of  this  tube,  or  sligl 
constricting  it,  the  movements  of  the  lever  may  be  increased  witJi 
very  seriously  interfering  with  the  breathing  of  the  animal. 

In  another  method  the  movements  of  the  chest  are  recorded.  W 
a  small  animal  such  as  a  rabbit  is  used,  the  wliole  animal  may 
placed  in  an  air-tight  box,  breathing  being  carried  on  by  means  c 
tube  inserted  into  the  trachea  and  carried  through  an  air-tight  ori 
in  the  wall  of  the  box.  By  anotlier  orifice  and  tube  the  air  in  the 
is  brought  into  connection  with  a  tambour,  which  accordingly  regis 
the  changes  of  pressure  in  the  air  of  the  box  produced  by  the  m 
nients  of  the  chest  (and  body)  and  thus  indirectly  the  movement 
the  chest.  In  man  and  larger  animals  the  changes  in  the  girth  of 
chest  may  be  conveniently  recorded  by  means  of  Marey's  pneumogn 
This  consists  of  a  hollow  elastic  cylinder,  or  a  cylinder  with  ela 
ends,  the  interior  of  which  is  connected  with  a  tambour.  By  m< 
of  a  strap  attached  to  each  end  of  the  cylinder  the  instrument  car 
buckled  round  the  chest  like  a  girdle.  When  the  chest  expands,  the  c 
of  the  cylinder  are  pulled  out,  and  the  air  within  the  chamber  raref 
in  consequence  the  lever  of  the  tambour  connected  with  its  interic 
depressed ;  conversely,  when  the  chest  contracts,  tlie  lever  is  eleva 
The  pneumatograph  of  Fick  is  somewhat  similar.  Or  changes  in 
or  other  diameter  of  the  cliest  may  be  recorded  by  what  may 
called  the  *  callipers'  method,  as  in  the  recording  stetliometei 
Burdon-Sanderson.  This  consists  of  a  rectangular  framework  • 
structed  of  two  rigid  parallel  bars  joined  at  right  angles  to  a  c 
piece.  The  free  ends  of  the  bars,  tlie  distiince  between  which  car 
regulated  at  pleasure,  are  armed,  the  one  with  a  tambour,  the  o* 
simply  with  an  ivory  button.     The  tambour  bears  on  the  metal  p 
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of  its  membrane  {m'  Fig.   37)  a  small  ivory  button  in  place  of  tlie 

lever.    When   it  is  desired   to    record   the   changes  occurring  in  any 

diameter  of  the  chest,  e.g.  an  antero-posterior  diameter  from  a  point  in 

the  sternum  to  a  point  in  the  back,  the  instrument  is  made  to  encircle 

the  chest  somewhat  after  the  fashion  of  a  pair  of  callipers,  the  ivory 

button  at  one  free  end  being  placed  on  the  spine  of  a  vertebra  behind 

and  the  tambour  at  the  other  on  the  sternum  in  front  in  the  line  of  tlie 

diameter  which  is  being  studied.     The  distance  l)etween  the  free  ends 

of  the  instrument  being  carefully  adjusted  so  tliat  tlie  l)utton  of  tlie 

tambour  presses  lightly  on  the  sternum,  any  variations  in  tlie  lengtii 

of  the  diameter  in  question  will,  since  the  framework  of  the  tiimlxjur  is 

immobile,  give  rise  to  variations  of  pressure  within  the  tamljour.    These 

"^"Hriations  of  the  *  receiving'  tambour  as  it  is  called  are  conveyed  by  a 

flexible  tube  containing  air  to  a  second  or  ^recording'  tamlx)ur,  tlie 

l^ver  of  which  records  the  variations  on  a  travelling  suiface.     For  the 

P"arjK)se  of   measuring  the  extent  of   the  movements  tlie  instrument 

ixiust  be  experimentally  graduated.     Other  forms  of  callipers  may  of 

^^^^urse  be  used. 

By  still  another  method  the  variations  in  intra-thoracic  pressure, 

^y    means  of   which   the  movements  of   the  chest  walls  produce  the 

'iiovement  of  air  in  the  lungs,  may  be  recorded.     This  may  Ije  efiected 

^y  introducing  carefully,  to  the  total  exclusion  of  air,  into  a  pleural 

Cavity,  or  into  the  pericardial  cavity,  a  cannula  connected  by  a  rigid 

^ube  with  a  manometer.     With  each  inspiration  a  negative  pressure. 

Or  rather  an  increase  of  the  existing  negative  pressure,  is  produced,  the 

^nercury,  or  fluid,  in  the  manometer  returning  at  each  expiration.     An 

^^asier  method  of  recording  this  intra-thoracic  pi^ssure  is  to  introduce 

*^^to   the  oesophagus  an  elastic  sound   (similar  to  the   cardiac   sound 

^ig.  37)  connected  with  a  tambour.     The  oesophagus  within  the  thorax 

^ike  the  heart  and  great  vessels,  as  we  shall  see,  is  affected  as  well  as 

the  lungs  by  the  variations  of  intrji-thoracic  pressure  brought  about  by 

the  respiratory  movements. 

In  yet  another  method  the  movements  of  the  diaphragm  which,  as 
^e  shall  see,  serve  as  the  prime  agent  in  bringing  al)out  the  enlarge- 
iient  of  the  thoracic  cavity  are  recorded.  This  may  be  done  by 
inserting,  through  an  incision  in  the  abdominal  wall,  a  Hat  elastic 
^g  between  the  diaphragm  and  abdominal  organs.  When  in  inspi- 
ration the  diaphragm  descends  it  exerts  on  the  Img  a  pressure  which, 
^y  means  of  a  tube,  may  be  communicated  to  a  tambour.  Or  a  neinlle 
"nay  be  thrust  through  the  chest  wall  so  as  to  rest  upon  or  transtix 
the  diapliragm,  and  the  head  of  the  needle  outside  the  body  connected 
^y  a  tliread  or  otherwise  with  a  lever;  each  upward  and  downward 
Movement  of  the  head  of  the  needle,  corresponding  to  the  downward 
*iid  upward  movements  of  the  diaphragm,  is  registered  by  the  lever. 

Various  modifications  of  these  several  methods  have  been  adopted 
^y  various  observers.  They  all,  however,  leave  much  to  be  desired.  A 
^cry  ingenious  method  of  registering  the  contractions  of  the  diaphragm 
^^  recently  been  introduced.  In  the  rabbit  two  slips  of  muscuiar 
fibres  forming  part  of  the  diaphragm,  one  on  each  side  of  the  ensiform 
^rtilage,  are  so  disposed  and  possess  such  attachments  that  one,  or 
Wh  of  them,  may  be  isolated,  without  injury  to  either  nerves  or  blood- 
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vessels,  and  arranged  so  that  while  one  end  of  the  slip  is  securely  fix 
to  the  chest  wall  as  a  fixed  point,  the  other  end  can  by  a  thread 
brought  to  bear   on   a   lever.     The   slip,    even  when  thus  arran 
appears  to  conti'act  rhythmically  in  complete  unison  with  the 
tractions  of  the  whole  rest  of  the  diaphragm  ;  it  serves  so  to  speak 
sample  of  the  diaphragm  ;  and  hence  its  contractions  like  those  of  t 
whole  diaphragm  may  be  taken  as  a  record  of  respiratory  movement 
The  record  has  to  be  corrected  for  variations  in  the  position  of  the  fi 
point. 

§  329.     In   these   various   ways  curves  are   obtained,  whii 
while  differing  in  detail,  exhibit  the  same  general  features, 
more  or  less  resemble  the  curve  shewn  in  Fig.  72. 


h, 
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Fig.  72.     Tracing  op  Thoracic  Respiratory  Movembnts  obtainsd  by 

MEANS  OP   MaREY's   PNEUMOGRAPH. 

A  whole  reepiratory  phase  is  comprised  between  a  and  a;  inspiration,  daring  wi 
the  lever  desceiidsy  extending  from  a  to  h,  and  expiration  from  b  to  a, 
undulations  at  c  are  caused  by  the  heart's  beat. 

As  the  figure  shews,  inspiration  begins  somewhat  suddenly  ai 
advances  rapidly,  being  followed  immediately  by  expiration,  whi, 
is  carried  out  at  first  rapidly,  but  afterwards  more  and  mo 
slowly.     Such  pauses  as  are  seen  usually  occur  between  the  end  ^ 

expiration  and  the  beginning  of  inspiration.     In  normal  hresLthixL^^^^^^^^ 
hardly  any  such  pause  exists,  but  in  cases  where  the  respirati 
becomes  infrequent,  pauses  of  considerable  length  may  be  observi 
As  we  shall  see  in  detail  hereafter,  the  several  parts  of  the  who 
act  vary  much,  under  various  circumstances,  in  relation  to 
other.     Sometimes  expiration,  sometimes  inspiration  is  prolon^ 
and  either  inspiration  or  expiration  may  be  slow  or  rapid  in  i^ 
development.     At  times  the  chest  may  remain  for  a  while  at  t 
height  of  inspiration,  thus  making  a  pause  between  inspiration 
expuution. 

In  what  may  be  considered  as  normal  breathing,  the  respirator^ 
act  is  repeated  about  17  times  a  minute,  the  duration  of  tk<^ 
inspiration  as  compared  with  that  of  the  expiration  (and  sucl? 
pause  as  may  exist)  being  about  as  ten  to  twelve ;  but  the  rate 
varies  very  largely ;  and  in  this  as  in  the  volume  of  each  breath  it 
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is5  very  difficult  to  fix  a  satisfactory  average,  the  figures  given 
varying  from  20  to  13  a  minute.  It  varies  according  to  age  and 
i*ex.  It  is  influenced  by  the  position  of  the  body,  being  quicker  in 
standing  than  in  lying,  and  in  lying  than  in  sitting.  Muscular 
tfxertion  and  emotional  conditions  affect  it  deeply.  In  fact,  almost 
^very  event  which  occurs  in  the  body  may  influence  it.  We  shall 
have  to  consider  in  detail  hereafter  the  manner  in  which  these 
influences  are  brought  to  bear. 

When  the  ordinary  respiratory  movements  prove  insufficient  to 
*^ftect  the  necessary  changes  in  the  blood,  their  rhythm  and 
character  become  changed.  Normal  respiration  gives  place  to 
laboured  respiration,  and  this  in  turn  to  dyspnoea,  which,  unless 
'^onie  restorative  event  occurs,  terminates  in  asphyxia.  These 
^l>iiormal  conditions  we  shall  study  more  fully  hereafter. 

The  Respiratory  Movements. 

§  330.  When  the  movements  of  the  chest  during  normal 
*^^eathing  are  watched,  or  when  a  graphic  record  is  taken  by  one  or 
^t  h^^r  of  the  methods  just  described,  it  is  seen  that  during  inspira- 
^^•^n  an  enlargement  takes  place  in  the  antero-posterior  diameter, 
^  *^*:?  sternum  being  thrown  fonvards,  and  at  the  same  time  moving 
^pMard.  The  lateral  width  of  the  chest  is  also  increased.  The 
^"^mical  increiise  of  the  cavity  is  not  so  obvious  from  the  outside, 
2^hough  when  the  movements  of  the  diaphragm  are  watched  by 
i.*ans  of  an  inserted  needle  or  otherwise,  it  is  clear  that  the  upper 
Efface  of  that  organ  descends  at  each  inspiration,  the  anterior 
^*^lls  of  the  abdomen  bulging  out  at  the  same  time.  In  the  female 
'^^^maii  subject,  the  movement  of  the  upper  part  of  the  chest  is  very 
^-•nspicuous,  the  breast  rising  and  falling  with  every  respiration; 
^^  the  male,  however,  the  movements  are  almost  entirely  confined 
^^  the  lower  part  of  the  chest.  In  laboured  respiration  all  parts  of 
^he  chest  are  alternately  expanded  and  contracted,  the  breast 
^^ing  and  falling  as  well  in  the  male  as  in  the  female.  We  have 
^*o\i'  to  consider  these  several  movements  in  greater  detail,  and  to 
'^udy  the  means  by  which  they  are  carried  out. 

§  331.     Inspiration.     There  are  two  chief  means  by  which  the 
^hest  is  enlarged  in  normal  inspiration,  viz.  the  descent  of  the 
diaphragm  and  the  elevation  of  the  ribs.     The  former  causes  that 
^^ovement   in    the    lower  part   of    the    chest    and   abdomen   so 
characteristic  of  male  breathing,  which  is  hence  called  diaphragm- 
atic ;  the  latter  causes  the  movement  of  the  upper  chest  character- 
istic of  female  breathing,  which  is  called  costal.     These  two  main 
^*U5tor8  are  assisted  by  less  important  and  subsidiary  events. 

Even  in  the  female  human  subject,  the  share  taken  in  respira- 
tion by  the  diaphragm  is  an  important  one,  in   the  male  the 
^phragm  must  be  regarded  as  the  chief  respiratory  agent,  and  in 
Some  animals  its  use,  for  this  purpose,  is  so  prominent  that  the 
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movements   of    the   ribs   may   in    normal    breathing   be    almoss^rr- 
neglected.     In  the  rabbit  for  instance,  in  normal  breathing,  alm< 
all  the  respiratory  work  is  done  by  the  contractions  of  the  du 
phragm. 

The  descent  of  the  diaphragm  is  effected  by  means  of  tl 
contraction  of  its  muscular  fibres.     When  at  rest  the  diaphragc: 
presents   a   convex   surface   to   the   thorax;    when  contracted  it 

becomes  much  flatter,  and  in  consequence  the  level  of  the 
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floor  is  lowered,  the  vertical  diameter  of  the  chest  being  pc^^Krvi- 
portionately  enlarged.     In  descending,  the  diaphragm  presses  •-        oji 
the  abdominal  viscera,  and  so  causes  a  projection  of  the  flaccid  aMc^ab- 
dominal  walls.    From  its  attachments  to  the  sternum  and  the  fa^^  _Alst' 
ribs,  the  diaphragm,  while  contracting,  naturally  tends  to  pull  tzz^the 

sternum  and  the  upper  false  ribs  downwards  and  inwards,  and  t M  the 

lower  false  ribs  upwards  and  inwards,  towards  the  lumbar  spiiK'^nc. 
In  normal  breathing,  this  tendency  produces  little  effect,  hei.xr -^vi^i 
counteracted  by  the  accompanying  general  costal  elevation,  and  -1  ^J' 
certain  special  muscles  to  be  mentioned  presently.  In  forc^^^*^ 
inspiration,  however,  and  especially  where  there  is  any  obstructr:  «i^^i^^ 
to  the  entnmce  of  air  into  the  lungs,  the  lower  ribs  may  "  "^' 

so  much  drawn  in  by  the  contraction  of  the  diaphragm,  that  •^         ^^*' 
girth  of  the  trunk  at  this  point  is  obviously  diminished. 

§  332.  The  elevation  of  the  ribs  is  a  much  more  comp^i^  p'^^ 
matter  than  the  descent  of  the  diaphragm.  If  we  examine  any  c^  "  ^?*^ 
rib,  such  as  the  fifth,  we  find  that  while  it  moves  freely  on  -^^  ^** 
vertebral  articulation,  it  inclines  when  in  the  position  of  rest  in  ^^^  ^* 
oblique  direction  from  the  spine  to  the  sternum;  hence  it  ^i^-^^  ^ 
obvious  that  when  the  rib  is  raised,  its  sternal  attachment  m  m:^^^^^ 
not  only  be  carried  upward,  but  also  thrown   forward.     The  ^  "^ 

may  in  fact  be  regarded  as  a  radius,  moving  on  the  vertelcJ'^^^'*^ 
articulation  as  a  centre,  and  causing  the  sternal  attachment    ^^-*^  ^^ 
describe  an  arc  of  a  circle  in  the  vertical  plane  of  the  body;  as  '      .^^  the 
rib  is  carried  upwanls  from  an  oblique  to  a  more  horizontal  positS:-^  ^^^^' 
the  sternal  attachment  must  of  necessity  be  carried  farther  a^^^"  -^awav 
in  front  of  the  spine.     Since  all  the  ribs  have  a  downward  slant  ::^  -^^^.^ 
direction,  they  must  all  tend,  when  raised  towards  the  horizon^' ^^^to/ 
position,  to  thrust  the  sternum  forward,  some  more  than  otlr:^  =bers 
according  to  their  slope  and  length.    The  elasticity  of  the  steruci:^^'/'?? 
and  costal  cartilages,  assisted  by  the  articulation  of  the  stemn^^w/?; 
to  the  clavicle  above,  permits  the  front  surface  of  the  chest  tcz:^^  bt^ 
thus  thrust  forwards  as  well  as  upwards,  when  the  ribs  are  raL  ^sed 
By   this   action,   the   antero-posterior  diameter   of   the   ches^&   i**' 
enlarged. 

Since  the  ribs  form  arches  which  increase  in  their  sweep  os 
one   proceeds   from  the   first   downwards  as   far  at  least  as    tbt' 
seventh,  it  is  evident  that  when  a  lower  rib  such  as  the  fifth  f^ 
elevated  so  as  to  occupy  or  to  approach  towards  the  position  of  thf 
one  above  it,  the  chest  at  that  level  will  become  wider  from  side  t-^ 
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side,  in  proportion  as  the  fifth  arch  is  \vider  than  the  fourth. 
Thus  the  elevation  of  the  rib  increases  not  only  the  antero-posterior 
l>ut  also  the  transverse  diameter  of  the  chest.  Further,  on  account 
of  the  resistance  of  the  sternum,  the  angles  between  the  ribs  and 
t^lieir  cartilages  are,  in  the  elevation  of  the  ribs,  somewhat  opened 
out,  and  thus  also  the  transverse  as  well  as  the  antero-posterior 
diameter,  somewhat  increased.  In  more  than  one  way,  then,  the 
<^levation  of  the  ribs  enlarges  the  dimensions  of  the  chest. 

§  333.     The   ribs  are   raised   by   the   contraction   of   certain 
ynuscles.     Of  these  the  external  intercostals  are  perhaps  the  most 
iraportant.     Even  in  the  case  where  two  ribs,  such  as  the  fifth  and 
sixth,  are  isolated  from  the  rest  of  the  thoracic  cage,  by  section  of 
tihe  structures  occupying  the  intercostal  spaces  above  and  below, 
tlie  contraction  of  the  external  intercostal  muscle  of  the  inter- 
vening space  raises  the  two  ribs,  thus  bringing  them  towards  the 
Position  in  which    the  fibres   of  the   muscle   have    the   shortest 
I^n^h,  viz.  the  horizontal  one.     This  elevating  action  is,  in  the 
entire   chest,  further  favoured   by  the  fact  that  the   first  rib  is 
1^88  moveable  than  the  second,  and  so  affords  a  comparatively  fixed 
^^ase  for  the  action  of  the  muscles  between  the  two,  the  second  in 
t^um  supporting  the  third,  and  so  on,  while  the  scaleni  muscles  in 
Edition  serve  to  render  fixed,  or  to  raise,  the  first  two  ribs.     So 
^hat  in  normal  respiration,  the  act  may  probably  be  described  as 
V)eginning  by  a  contraction  of  the  scaleni     The  first  two  ribs 
keing  thus  raised  or  at  least  fixed,  the  contraction  of  the  series  of 
External  intercostal  muscles  acts  at  a  great  advantage. 

While  the  elevating,  i.e.  inspiratory  action  of  the  external 
^ntercostals  is  admitted  by  nearly  all  authors,  the  function  of  the 
internal  intercostals  has  been  much  disputed.  Some  regard  their 
^Qction  as  wholly  inspiratory ;  others  maintain,  what  is  perhaps  the 
inore  commonly  adopted  view,  that  while  those  parts  of  them 
yMch  lie  between  the  sternal  cartilages  act  like  the  external 
^Jitercostals  as  elevators,  i.e.  as  inspiratory  in  function,  those  parts 
^Uch  lie  between  the  osseous  ribs  act  as  depressors,  i.e.  as  ex- 
piratory in  function. 

In  the  well-known  model  consisting  of  two  rigid  bars,  repre- 
^uting  the  ribs,  moving  vertically  by  means  of  their  articulations 
'^th  an  upright  representing  the  spine,  and  connected  at  their  free 
^nds  by  a  piece  representing  the  sternum,  it  is  undoubtedly  true 
^hat  stretched  elastic  bands  attached  to  the  bars  in  such  a  way  as 
^  represent  respectively  the  external  and  internal  intercostals,  viz. 
•sloping  in  the  one  case  downwards  and  forwards  and  in  the  other 
downwards  and  backwards,  do,  on  being  left  free  to  contract,  in  the 
former  case  elevate  and  in  the  latter  depress  the  ribs.  Such  a 
^0(lel  however  does  not  fairly  represent  the  natural  conditions  of 
^lie  ribs,  which  are  not  straight  and  rigid,  but  peculiarly  curved 
^nd  of  varying  elasticity,  capable  moreover  of  rotation  on  their  own 
^es,  and  having  their  movements  determined  by  the  characters  of 
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their  vertebral  articulations.     The  mechanical  conditions  in  fa*        _ 
of  these  muscles  are  so  complex,  that  a  deduction  of  their  actiois:<z>j 
from  simple  mechanical  principles,  or  from  the  direction  of  tU .it- 
fibres,  must  be  exceedingly  difficult  and  dangeroua    Actual  expem 
nients  on  the  cat  and  dog  tend  to  shew  that  in  these  animals  t\M .: 
contraction  of  the  internal  intercostals,  along  their  whole  lengtrT 
takes   place,   in    point    of    time,   alternately   with    that   of    tW. 
diaphragm,  and  thus  afford  an  argument  in  favour  of  these  musclf - 
being  expiratory  in  function. 

Next  in  importance  to  the  external  intercostals  come  tTd 
levatores  costarum,  which,  though  small  muscles,  are  able,  fro- 
the  nearness  of  their  costal  insertions  to  the  fulcrum,  to 
considerable  movement  of  the  sternal  ends  of  the  ribs.  T' 
external  intercostals  and  the  levatores  costarum  with  the  scale*  J'.^a 
may  fairly  be  said  to  be  the  elevators  of  the  ribs,  i.e.  the  ch^-i"^ 
muscles  of  costal  inspiration  in  normal  breathing. 

It  must  be  added  however  that  some  observers  deny  that  eitl"  .:^  it 
set  of  intercostal  muscles  take  any  important  part  in  raising  •" 
ribs.  They  hold  that  the  chief  if  not  the  only  use  of  these  musc=>^3S( 
is  by  their  contraction  to  render  the  intercostal  spaces  firm  and  r  M 
whole  thoracic  cage  rigid,  so  that  the  thorax  is  moved  as  a  wL^^t  ^h 
by  the  other  muscles  mentioned,  and  the  intercostal  spaces  do  r  «  i 
give  way  during  the  respiratory  movements. 

Additional  space  in  the  transverse  diameter  is  afforded  proba.«^^>a 
by  the  rotation  of  the  ribs  on  an  antero-posterior  axis;  but  t*"  t 

movement  is  quite  subsidiary  and  unimportant.     When  the  ct^^isjh 
is  at  rest,  the  ribs  are  somewhat  inclined  with  their  lower 
directed  inwards  as  well  as  downwards.     When  they  are  drawn, 
by  the  action  of  the  intercostal  muscles,  their  lower  borders  ^  J 

everted.    Thus  their  flat  sides  are  presented  to  the  thoracic  cav-v^^  -•vi 
which  is  thereby  slightly  increased  in  width. 

§  334.  Laboured  Inspiration.  When  respiration  becor^i^om 
laboured,  other  muscles  are  brought  into  play.  The  scaleni  -«^  i  a 
strongly  contracted,  so  as  distinctly  to  raise  or  at  least  give  a  \^^  vei 
fixed  .support  to  the  first  and  second  ribs.  In  the  same  way  ='-*'  tk 
serratus  posticus  superior,  which  descends  firom  the  fixed  spin  ^^^-^e  iu 
the  lower  cervical  and  upper  dorsal  regions  to  the  second,  thr^R/ncJ 
fourth,  and  fifth  ribs,  by  its  contractions  raises  those  ribs.  Iq 

laboured  breathing  a  function  of  the  lower  false  ribs,  not  ^   ^'err 
noticeable  in  easy  breathing,  comes  into  play.    They  are  deprefeH^serf, 
retracted,   and    fixed,   thereby   giving   increased   support   to        ^he 
diaphragm,  and  directing   the  whole  energies  of  that  muscl^^  to 
the  vertical  enlargement  of  the  chest.     In  this  way  the  sem^tus 
posticus  inferior,  which  passes  upward  from  the  lumbar  aponeunt>sis 
to  the  last  four  ribs,  by  depressing  and  fixing  those  ribs  becomos 
an  adjuvant  inspiratorj'  muscle.     The  quadratus  lumborum  and 
lower  portions  of  the  sacro-lumbalis  may  have  a  similar  function. 

All  these  muscles  may  come  into  action  even  in  breathing 
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hich,  though  deeper  than  usual,  can  hardly  perhaps  be  called 
i«fcboured  When,  however,  the  need  for  greater  inspiratory  eflforts 
twcomes  urgent,  all  the  muscles  which  can,  from  any  fixed  point, 
«fcct  in  enlarging  the  chest,  come  into  play.  Thus  the  arms  and 
shoulder  being  nxed,  the  serratus  magnus  passing  from  the  scapula 
tXD  the  middle  of  the  first  eight  or  nine  ribs,  the  pectoralis  minor 
J^assine  from  the  coracoid  to  the  front  parts  of  the  third,  fourth, 
^^nd  fifth  ribs,  the  pectoralis  major  passing  from  the  humerus  to 
^fce  costal  cartilages,  from  the  second  to  the  sixth,  and  that  portion 
^>f  the  latissimus  dorsi  which  passes  from  the  humerus  to  the  last 
^kree  ribs,  all  serve  to  elevate  the  ribs  and  thus  to  enlarge  the 
sliest.  The  stemo-mastoid  and  other  muscles  passing  from  the 
^€ck  to  the  sternum,  are  also  called  into  action.  In  fact,  every 
^Xiuscle  which  by  its  contraction  can  either  elevate  the  ribs  or 
^^cmtribute  to  the  fixed  support  of  muscles  which  do  elevate  the 
**ib8,  such  as  the  trapezius,  levator  anguli  scapulae  and  rhomboidei 
t>y  fixing  the  scapula,  may,  in  the  inspiratory  efforts  which 
^-ccompany  dyspnoea,  be  brought  into  play. 

§  336.     Expiration.     In  normal  easy  breathing,  expiration  is 

^xi  the  main  a  simple  eflfect  of  elastic  reaction.     By  the  inspiratory 

^^ffort  the  elastic  tissue  of  the  lungs  is  put  on  the  stretch ;  so  long 

^M  the  inspiratory  muscles  continue  contracting,  the  ti&sue  remains 

s^tretched,  but  directly  those  muscles  relax,  the  elasticity  of  the 

I  ^ngs  comes  into  play  and  drives  out  a  portion  of  the  air  contained 

i  » them.    Similarly  the  elastic  sternum  and  costal  cartilages  are  by 

"^le  elevation  of  the  ribs  put  on  the  stretch  :  they  are  driven  into  a 

jDosition  which  is  unnatural  to  them.     When  the  intercostal  and 

ther  elevator  muscles  cease  to  contract,  the  elasticity  of  the  ster- 

um  and  costal  cartilages  causes  them  to  return  to  their  previous 

luoeition,  thus  depressing  the  ribs,  and  diminishing  the  dimensions 

oi  the  chest.    When  the  diaphragm  descends,  in  pushing  down  the 

s^bdominal  viscera,  it  puts  the  abdominal  walls  on  the  stretch :  and 

lience,  when  at  the  end  of  inspiration  the  diaphragm  relaxes,  the 

abdominal  walls  return  to  their  place,  and  by  pressing  on  the  ab- 

<lominal  viscera,  push  the  diaphragm  up  again  into  its  position  of 

^^■^t    Expiration   then   during   eajsy  breathing   Ls,  in  the  main, 

**imple   elastic    reaction ;    but   there    is    probably   some,   though 

F>088ibly  in  most  cases,  a  very  slight,  expenditure   of  muscular 

^liergy  to  bring  the  chest  more  rapidly  to  its  former  condition. 

This  IS,  as  we  have  seen,  supposed  by  many  to  be  afforded  by  the 

^^temal  intercostals  acting  as  depressors  of  the  ribs.     If  these  do 

*^ot  act  in  this  way,  we  may  suppose  that  the  elastic  return  of  the 

^hdominal  walls  is  accompanied  and  assisted  by  a  contraction  of 

^le  abdominal   muscles.     The   triangularis   stemi,  the   effect   of 

^hose  contraction  is  to  pull  down  the  costal  cartilages,  may  also  be 

^garded  as  an  expiratory  muscle. 

When   expiration   becomes  laboured,  the   abdominal    muscles 
»^me  important  expiratory  agents.    By  pressing  on  the  contents 
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of  the  abdomen,  they  thrust  them  and  therefore  the  diaphra^ 
also   up   towards  the   chest,  the   vertical  diameter  of  which 
thereby  lessened,  while  by  pulling  down  the   sternum   and  i 
middle  and  lower  ribs  they  lessen  also  the  cavity  of  the  chest  in 
antero-posterior  and  transverse  diameters.     They  are,  in  fact,  t 
chief  expiratory  muscles,  though  they  are  doubtless  assisted 
the  serratus  posticus  inferior  and  portions  of  the  sacro-lumba 
since  when  the  diaphragm  is  not  contracting,  the  depression  of 
lower  ribs  which  the  contraction  of  these  muscles  causes,  sei- 
only  to  narrow  the  chest.     As  expiration  becomes  more  and  m- 
forced,  every  muscle  in  the  body  which  can  either  by  contract 
depress  the  ribs,  or  press  on  the  abdominal  viscera,  or  atford  fiz 
support  to  muscles  having  those  actions,  is  called  into  play. 

§  336.     Facial    and   Lanjngeal    Respiration,      The    thors 
respiratory  movements  are  accompanied  by  associated  respirat. 
movements  of  other  parts  of  the  body,  more  particularly  of 
face  and  of  the  glottis. 

In  normal  healthy  respiration  the  current  of  air  which  paai 
in  and  out  of  the  lungs,  travels,  not  through  the  mouth  but  thro-^ 
the  nose,  chiefly  through  the  lower  nasal  meatus.  The  ingoing 
by  exposure  to  the  vascular  mucous  membrane  of  the  narrow  : 
winding  nasal  passages,  is  more  efficiently  warmed  than  it  woulc: 
if  it  passed  through  the  mouth ;  and  at  the  same  time  the  m€» 
is  thereby  protected  from  the  desiccating  effect  of  the  contic: 
inroad  of  comparatively  dry  air. 

During  each  inspiratory  effort  the  nostrils  are  expanded,  \ 
bably  by  the  action  of  the  dilatores  naris,  and  thus  the  entrance 
air  facilitated.  The  return  to  their  previous  condition  during  e  : 
ration  is  effected  by  the  elasticity  of  the  nasal  cartilages,  assL^ 
perhaps  by  the  compressores  naris.  This  movement  of  the  nos^ 
perceptible  in  many  people  even  during  tranquil  breathi 
becomes  very  obvious  in  laboured  respiration. 

When  the  mouth  is  closed,  the  soft  palate  which  is  held  so 
what  tense,  is  swayed  by  the  respiratory  current,  but  entirely 
passive  manner,  and  it  is  not  until  the  larynx  is  reached  by  the 

ffoing  air  that  any  active  movements  are  met  with.  Whea 
ar3mx  (the  details  of  which  we  shall  have  to  deal  with  at  a  h 
part  of  this  work)  is  examined  with  the  laryngoscope,  it  is  frequen 
seen  that,  while  during  inspiration  the  glottis  is  widely  open,  yf. 
each  expiration  the  arytenoid  cartilages  approach  each  other  so 
to  narrow  the  glottis,  the  cartilages  of  Santorini  projecting  inwar 
at  the  same  time.  Thus,  synchronous  with  the  respiratory  expa 
sion  and  contraction  of  the  chest,  and  the  respiratory  elevati' 
and  depression  of  the  alae  nasi,  there  is  a  rhythmic  widening  ai 
narrowmg  of  the  glottis.  Like  the  movements  of  the  nostril,  tl 
respiratory  action  of  the  glottis  is  much  more  evident  in  labour 
than  in  tranquil  breathing.  Indeed  in  the  latter  case  it 
frequently  absent.     The  manner  in  which  this  rhythmic  openi 
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and  narrowing  is  effected  will  be  described  when  we  come  to  study 
the  production  of  the  voice.  Whether  there  exists  a  rhythmic 
<K)ntractiou  and  expansion  of  the  trachea  and  bronchial  passages, 
especially  the  smaller  and  more  exclusively  muscular  ones,  effected 
bj  means  of  the  plain  muscular  tissue  of  those  organs  and 
synchronous  with  the  respiratory  movements  of  the  chest,  is 
uncertain. 


SEC.  3.     CHANGES  OF  THE  AIR   IN   RESPIRATION^  _ 

§  337.     During  its  stay  in  the  lungs,  or  rather  during  its  ^^^  *ay 
in  the  bronchial  passages,  the  tidal  air  (by  means  of  dififus^'^on 
chiefly)  effects  exchanges  with  the  stationary  air ;  in  consequ^  -aace 
the  expired  air  differs   from  inspired  air  in   several   import:*  ^»^t 
particulars. 

The  temperature  of  expired  air  is  variable,  but  under  ordic^^^^y 
circumstances  is  higher  than  that  of  the  inspired  air.  At>  ^^ 
average  temperature  of  the  atmosphere,  for  instance  at  aL^^"*' 
20®  C,  the  temperature  of  expired  air  is,  in  the  mouth  SS'Q^,  in  '^^^ 
nose  35*3°.  When  the  external  temperature  is  low,  that  of  the  ^*" 
pired  air  sinks  somewhat,  but  not  to  any  great  extent,  thu^^  ^ 
-6-3°C.  it  is  29-8'C.  When  the  external  temperature  is  ki^*^' 
the  expired  air  may  become  cooler  than  the  inspired,  thu^'  *^ 
41-9"  it  has  been  found  to  be  381^  The  expired  air  t^^^^ 
its  temperature  from  that  of  the  body,  that  is,  of  the  blood,  ^*^^ 
this  as  we  shall  see  later  on  while  generally  higher  may,  at  tir*^^®' 
be  lower  than  that  of  the  atmosphere.  The  exact  temperature^  . 
the  expired  air  in  fact  depends  on  the  relative  temperatures^ 
the  blood  and  inspired  air,  and  on  the  depth  and  rate  of  breathi^-*?* 
The  change  in  temperature  takes  place  not  in  the  lungs  buO  ^^ 
the  upper  passages,  and  chiefly  in  the  nose  and  pharynx. 

§  338.     The  expired  air  is  loaded  with  aqueous  vapour, 
point  of  saturation  of  any  gas,  that  is,  the  utmost  quantity  of 
which  any  given,  volume  of  gas  can  take  up  as  aqueous  vap* 
varies   with    its    temperature,   being    higher    with    the    hig'^'"*'^'^ 
temperature.     For  its  own  temperature  expired  air  is,  accoi3^«-^*^ 
to  most  observers,  saturated  with  aqueous  vapour.     The  moists'  ^^^' 
like  the  warmth,  is  imparted  not  in  the  depths  of  the  lunc^  bu  t     ^ 
the  upper  passages.    Tne  inspired  air  as  it  passes  into  the  broncl^-^* 
is  already  saturated  with  moisture. 

§  339.  The  expired  air  contains  about  4  or  5  p.c.  less  oxyg^-^^' 
and  about  4  p.c.  more  carbonic  acid  than  the  inspired  air,  tlm  ^ 
quantity  of  nitrogen  suffering  but  little  change.     Thus 

oxyf^n.  nitrogen,     carbonic  acid. 

Inspired  air  contains  20*81  79  15  04 

Expired  „        „  16033  79587         438 
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The  quantity  of  nitrogen  in  the  expired  air  is  sometimes  found 
to  he  slightly  greater  than,  as  in  the  table  above,  but  sometimes 
<>*^ual  to,  and  sometimes  less  than,  that  of  the  inspired  air. 

In  a  single  breath  the  air  is  richer  in  carbonic  acid  (and  poorer 
in  oxygen)  at  the  end  than  at  the  beginning  of  the  breath. 
Houce  the  longer  the  breath  is  held,  the  greater  the  (artificial) 
pa^use  between  inspiration  and  expiration,  the  higher  the  per- 
<^ontage  of  carbonic  acid  in  the  expired  air.  Thus  by  increasing 
tile  interval  between  two  expirations  to  100  seconds,  the  per- 
^^ntage  may  be  raised  to  7*5.  When  the  rate  of  breathing  remains 
^he  same,  by  increasing  the  depth  of  the  breathing  the  percentage 
^f  carbooic  acid  in  each  breath  is  lowered,  but  the  total  quantity 
^f  carbonic  acid  expired  in  a  given  time  is  increased.  Similarly, 
''^hen  the  depth  of  breath  remains  the  same,  by  quickening  the 
^^te  the  percentage  of  carbonic  acid  in  each  breath  is  lowered,  but 
"^be  quantity  expired  in  a  given  time  is  increased. 

Taking,  as  we  have  done,  the  amount  of  tidal  air  passing  in 
^ud  out  of  the  chest  of  an  average  man  at  500  cc,  such  a  person 
"^ill  expire  about  22  cc.  of  carbonic  acid  at  each  breath;  this, 
i^ckoning  the  rate  of  breathing  at  17  a  minute,  would  give  over 
^OO  litres  of  carbonic  acid  for  the  day's  production.  Actual  de- 
terminations however  give  a  rather  smaller  total  than  this ;  thus 
in  a  series  of  experiments  of  which  we  shall  have  to  speak 
hereafter,  the  total  daily  excretion  of  carbonic  acid  in  an  average 
ttian  was  found  to  be  800  grms.,  i.e.  rather  more  than  400  litres 
(406),  containing  218*1  grms.  carbon,  and  581*9  grms.  oxygen,  the 
oxygen  which  actually  disappeared  from  the  inspired  air  at  the 
Bame  time  being  about  70<)  grms.  This  amount  it  should  be 
Said  represents,  owing  to  the  manner  in  which  the  experiment 
Was  conducted,  the  gases  given  out  and  taken  in,  not  by  the 
lungs  only,  but  by  the  whole  body ;  but  the  amount  of  carbonic 
^Uiid  given  out  by  other  channels  than  the  lungs  is,  as  we  shall  see, 
Very  slight  (10  grm&  or  even  less),  so  that  800  grma  may  be  taken 
as  the  average  production  of  carbonic  acid  by  an  average  man. 
The  quantity  however,  both  of  oxygen  consumed  and  of  carbonic 
acid  given  out,  is  subject  to  very  wide  variations;  thus  in  the 
observations  of  which  we  are  speaking  the  daily  quantity  of  car- 
^X)nic  acid  varied  from  686  to  1285  grms.,  and  that  of  the  oxygen 
from  594f  to  1072  grms.  These  variations  and  their  causes  will  be 
^liscussed  when  we  come  to  deal  with  the  problems  of  nutrition. 

§  340.     When  the  total  quantity  of  tidal  air  given  out  at  any 

^xpiration  is  compared  with  that  taken  in  at  the  corresponding 

inspiration,  it  is  found  that,  both  being  dried  and  measured  at  the 

same  temperature  and  pressure,  the  expired  air  is  less  in  volume 

than  the  mspired  air,  the  difference  amounting  to  about  ^^th  or 

]i\yth  of  the  volume  of  the  latter.     Hence,  when  an  animal  is  made 

to  breathe  in  a  confined  space,  the  air  is  absolutely  diminished  in 

volume.    The  approximate  equivalence  in  volume  between  inspired 
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and  expired  air  arises  from  the  fact  that  the  volume  of  any  giv         ^n 
quantity  of  carbonic  acid  is  equal  to  the  volume  of  the  oxyg- 
consumed  to  produce  it ;  the  slight  falling  short  of  the  expired 
is  due  to  the  circumstance  that  all  the  oxygen  inspired  does 
reappear  in  the  carbonic  acid  expired,  some  having  formed  witl 
the  body  other  combinations. 

§  341.     Besides  carbonic  acid,   expired   air  contains   varioK ^us 

substances   which  may  be   spoken  of  as  impurities,  many  of  an 

unknown  nature,  and  all  in  small  amounts.     Traces  of  ammo 

have   been   detected  in  expired  air,  even  in  that  taken  direc 

from  the  trachea,  in  which  case  its  presence  could  not  be  d 

to  decomposing  food  lingering  in  the  mouth.     When  the  expir 

air  is  condensed  by  bemg  conveyed  into  a  cooled  receiver,  t^        — he 

aqueous  product  is  found  to  contain  organic  matter,  which, 

the  presence  of  micro-organisms,  introduced  in  the  inspired 

is   very  apt   rapidly  to   putrefy.      The   organic  substances   tl 

shewn  to  be  present  in  the  expired  air  are  the  cause  in  part 

the  odour  of  breath.     It  is  probable  that  some  of  them  are  o 

poisonous  nature,  either  poisonous  in  themselves  as  coming 

from   and   produced   in   some   way   or  other  in   the   pulmo: 

apparatus,  or   poisonous  as  being   the   products  of  putrefact 

decomposition ;  for  various  animal  substances  and  fluids  give 

by    decomposition    to    distinct    poisonous    products,    known 

ptomaines,  and   it  is  possible  that  some  of  the  constituents 

expired  air  are  of  an  allied  nature.     In  any  case  the  substan 

present  have  a  deleterious  action,  for  an  atmosphere  contain 

simply  1  p.c.  of  carbonic  acid  (with  a  corresponding  diminutio 

oxygen)  has  very  little  effect  on  the  animal  economy,  whereas 

atmosphere  in  which  the  carbonic  acid  has  been  raised  to  1  p.c. 

breathing,  is  highly  injurious.     In  fact,  air  rendered  so  for  imp 

by  breathing  that  the  carbonic  acid  amounts  to  '08  p.c.  is 

tinctly  unwholesome,  not  so  much  on  account  of  the  carbonic 

as  of  the  accompanying  impurities.     Since  these  impurities  are^ 

unkno^vn  nature  and  cannot  be  estimated,  the  easily  determii^^ 

carbonic   acid   is   usually  taken  as  an  indirect  measure  of  th 

presence.     We   have   seen  that  the  average  man  loads,  at 

breath,  500  c.c.  of  air  with  carbonic  acid  to  the  extent  of  4  p.c. 

will  accordingly  at  each  breath  load  2  litres  to  the  extent  of  1  p 

and  in  one  hour,  if  he  breathe  17  times  a  minute,  will  load  rati 

more  than  2000  litres  to  the  same  extent.     At  the  very  least  th. 

a  man  ought  to  be  supplied  with  this  quantity  of  air  hourly ;  ar 

if  the  air  is  to  be  kept  fairly  wholesome,  that  is  with  the  carbor^ 

acid  reduced  considerably  below  1  p.c,  he  should  have  even  mc^ 

than  ten  times  as  much. 
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4.    THE   RESPIRATORY  CHANGES   IN   THE  BLOOD. 
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§  342.  While  the  air  in  passing  in  and  out  of  the  lungs  is 
^  *^Hs  robbed  of  a  portion  of  its  oxygen,  and  loaded  with  a  certain 
S.^antity  of  carbonic  acid,  the  blood  as  it  streams  along  the 
l^"Ulmonaiy  capillaries  undergoes  important  correlative  changes. 
^B  it  leaves  the  right  ventricle  it  is  venous  blood  of  a  dark  purple 
^'^  maroon  colour ;  when  it  falls  into  the  left  auricle  it  is  arterial 
^lood  of  a  bright  scarlet  hue.  In  passing  through  the  capillaries 
'^^  the  body  from  the  left  to  the  right  side  of  the  heart,  it  is  again 
pHanged  from  the  arterial  to  the  venous  condition.  We  have  to 
^*^cjuire,  What  are  the  essential  differences  between  arterial  and 
^"^nous  blood,  by  what  means  is  the  venous  blood  changed  into 
^^**terial  in  the  lungs,  and  the  arterial  into  venous  in  the  rest  of 
^He  body,  and  what  relations  do  these  changes  in  the  blood  bear 
^o  the  changes  in  the  air  which  we  have  already  studied  ? 

The   facts,   that   venous  blood   at   once   becomes   arterial  in 

appearance  on  being  exposed  to  or  shaken  up  with  air  or  oxygen, 

^Hd  that  arterial  blood  becomes  venous  in  appearance  when  kept 

'oi'  some  little  time  in  a  closed  vessel,  or  when  submitted  to  a 

^"^irrent  of  some  indifferent  gas  such  as  nitrogen  or  hydrogen, 

l^i^pare  us  for  the  statement   that   the  fundamental   diff*erence 

^>^tween  venous  and  arterial  blood  is  in  the  relative  proportion  of 

^He  oxygen  and  carbonic  acid  gases  contained  in  each.    From  both, 

^^  certain  quantity  of  gas  can  be  extracted  by  means  which  do  not 

^^tlierwise  materially  alter  the  constitution  of  the  blood ;  and  this 

S^a«  when  obtained  from  arterial  blood  is  found  to  contain  more 

^Xjgen  and  less  carbonic  acid   than  that  obtained  from  venous 

^lood.     This  is  the  real  differential  character  of  the  two  bloods ; 

^11  other  differences  are  either,  as  we  shall  see  to  be  the  case  with 

^^e  colour,  dependent  on  this,  or  are  unimportant  and  fluctuating. 

If  the  quantity  of  gas  which  can  be  extracted  by  the  mercurial 
'^Vr-pump  from  100  vols,  of  blood  be  measured  at  0°  C,  and  a 
pressure  of  760  mm.,  it  is  found  to  amount,  in  round  numbers,  to 
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Fia.  73.    DuanAUiuTic  Illdstkitiok  or  Lonwta'a  Hbbcdbiu,  Qu-Pdkp-  — 


A  BDd  B  are  too  gUea  globes,  oouneoted  by  strong  india-rubber  tubes,  a  m-"^ 
with  two  similar  glaea  globes  A'  and  B'.    A  is  farther  connected  by  meuu  o  ' 


tha 


st(^oo«k  c  vitb  the  reoeivei  C  containing  the  blood  (or  other  fluid)  to  be  ad*]^ 
ftnd  B  by  means  of  the  stopcock  d  and  the  tabe  t  with  ths  receiver  D  for  reov 
the  gases.  A  and  B  are  also  oonneoted  vith  each  other  by  means  of  the  stoM 
/  and  g,  the  latter  being  so  arranged  that  B  also  oommuniostes  with  B'  bj 
passage  ^.  A'  and  B'  being  full  of  mercury  and  the  cooks  k,  f,  g,  and  d  being  *^  -^  i 
Emt  c  and  g'  closed,  on  raieing  A'  by  means  of  the  pulley  p  the  mercury  of  A'  fil^^^,fl 
driving  oat  the  air  contained  in  it,  into  B,  and  so  out  tMoogh  e.  When  the  mey^.^^ 
has  risen  above  g,  J  is  closed,  and  jf  being  opened,  B'  is  in  turn  raised  till  ■^^^, 
completely  filled  with  mercury,  all  the  air  previously  in  it  being  driven  oat  throoB^^j  ' 
Upon  oloaing  d,  and  lowering  B',  the  whole  of  the  mercury  in  B  foils  in  B',  aJt^*^ 
ansequently  is  established  in  B.     On  closing  j(',  butopeningg,/,  and  *• 

*  *        "        ■  '     '"    k^     t„      1     ..,.1     ,*.,    tk^     tn^.ii k_>d« 


B  similarly  established  u 


n  the  janctioQ 


lowering  A',  a 

A  and  fi.     If  the  oock 

vaeaam  of  A  and  B.     By  raieiog  A',  after  tLe  oloiore  of  c,  and  opening^  of  d,  t^ 

gases  so  set  free  are  driven  trom  A  into  B,  and  by  the  raieing  of  B'  from  B,  ' 

e  into  the  receiver  D,  standing  over  mercury. 
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The  vacuum  produced  by  the  ordinary  mechanical  air-pump  is  in- 
sufficient to  extract  all  the  gas  from  blood.    Hence  it  becomes  necessary 
to    use  a  mercury  pump  capable   of   producing  a   large   Torricellian 
vacuum.     In  the  form  of  mercurial  pump  which  bears  Ludwig*s  name 
(Fig.  73)  two  large  globes  of  glass,  one  fixed  and  the  other  moveable, 
are   connected  by  a  flexible  tube;  the  fixed  globe  is  made  to  com- 
municate by  means  of  air-tight  stopcocks  alternately  with  a  receiver 
containing  the  blood,  and  with  a  receiver  to  collect  the  gas.    When  the 
moveable  globe  filled  with  mercury  is  raised  above  the  fixed  one,  the 
inercury  from  the  former  runs  into  and  completely  fills  the  latter,  the 
^•ir  previously  present  being  driven  out.    After  adjusting  the  cocks,  the 
moveable  globe  is  then  depressed  thirty  inches  below  the  fixed  one, 
^'^     which  the   consequent   fall   of  the   mercury   produces   an   almost 
complete  vacuum.     By  turning  tlie  proper  cock  this  vacuum  is  put  into 
connection  with  the  receiver  containing  the  blood,  which  thereupon  be- 
comes proportionately  exhausted.     By  again  adjusting  the  cocks  and 
^iice  more  elevating  the  moveable  globe,  the  gas  thus  extracted  is 
Striven  out  of  the  fixed  globe  into  a  receiver.     The  vacuum  is  then 
^5^ce  more  established  and  the  operation  repeated  as  long  as  gas  con- 
^^ixues  to  be  given  off  from  the  blood. 

A  modified  form  of  pump  working  on  tlie  same  principles  as  that  of 
*-»U(lwig,  but  involving  the  use  of  only  one  globe  to  be  made  vacuous  and 
^*^«  moveable  reservoir  for  mercury,  has  been  constructed  by  Pfl tiger. 
r^^   presents  several  advantages  over  the  one  just  described,  the  chief 
.^^ing  that  (i)  non-defibrinated  blood  may  be  used  for  the  extraction  of 
t^  gases,  (ii)  the  vacuum  into  which  the  gases  are  evolved  is  large,  (iii) 
**is  vacuum  is  kept  dry  by  being  connected  laterally  with  a  vacuous 
j^*^*u»ber  containing  sulphuric  acid.     The  details  of  its  construction  are 
^O'lrever  complicated,  and  the  greatest  care  is  required  in  its  use  to  avoid 
^^•^^akaga     Of  later  years  a  simplified  form  of  pump  lias  been  introduced 
^r  laboratory  work.    It  was  first  used  by  Gr^hant  and  Paul  Bert,  and  is 
^^w  frequently  called  an  Alvergniat's  pump,  from  the  name  of  its  present 
^*iker.    Fig.  74  gives  a  diagrammatic  representation  of  its  construction, 
ii  is  a  glass  bulb  some  five  inches  in  diameter,  blown  on  to  a  glass 
^^be  a  below  and  on  to  a  vertical  tube  b  above.     The  lower  end  of  a  is 
^^nnected   by  a  thick-walled  india-rubber  tube  with   a    reservoir   for 
*^*rcury  B,  which  can  be  raised  and  lowered   by  means  of   a  string 
J^^asing  over  a  pulley  c.     The  vertical  tube  b  is  thickened  at  one  place, 
^^d  into  this  thickened  portion  a  three-way  tap   d   is   ground.     The 
Jjjpper  end  of  b  is  prolonged  (above  the  three-way  tap)  into  a  fine  point. 
Thia  point  passes  by  a  tight  joint  through  the  bottom  of  a  vessel  c, 
^*hich  can  be  partly  filled  with  mercury,  and  over  which  a  receiver  /', 
^led  with  mercury  for  the  collection  of  the  gases,  can  be  inverted.     A 
^^be  g  fused  on  laterally  to  one  opening  of  the  three-way  tap  d  places 
^Ke  latter  in  connection  with  a  thick-walled  Woulff's   bottle   C   con- 
fining a  layer  of  strong  sulphuric  acid.     The  second  tubulure  of  this 
^Mittle  is  similarly  connected  by  an  elastic  tube  with  the  vessel  A  into 
^"hich  blood  or  other  fluid  may  be  introduced  by  means  of  the  tap  //. 
All  the  moveable  joints  of  the  apparatus  are  protected  by  india-rubber 
^Ubes  into  which  water  can  be  poured,  and  a  metal  casing  round  the 
^p  d,  which    may  also   be   filled  with  water,  similarly   prevents  the 
pottibility  of  any  leakage  here. 
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The  pump  is  used  as  follows.     By  placing  the  tap  d  in  the  positio: 
shewn  in  the  figure  and  raising  B,  the  bulb  A  maj  be  filled  with  mercu 


Fio.  74.    DiAOBAM  OF  Alyebonut's  Pump. 

up  to  the  top,  the  contained  air  being  expelled  through  the  upper 
of  b.     By   a  slight   turn   of  the  tap  all  connection  between  A 
either  the  tube  g  or  the  upper  part  of  b  may  be  cut  off,  and  on  lowe 
B  a  vacuum  is  established  in  the  bulb  A  and  part  of  the  tube  a. 
may  now  be  connected  by  the  tap  d  with  the  tube  g,  and  hence  wit 
and  Df  and,  h  being  closed,  a  partial  vacuum  is  established  in  C  &n<M 
By  means  of  the  tap  d  the  air  in  A  may  be  cut  off  from  g,  and 
raising  B  and  placing  the  plug  of  ef  as  shewn  in  the  figure  this  air 
be  expelled  through  the  upper  end  of  6.     By  slightly  turning  d 
lowering  B  a  vacuum  is  again  established  in  A,  and  as  before  a 
portion  of  air  in  C  and  I>  may  be  allowed  to  pass  over  into  A  and 
vacuum  in  D  and  C  increased.     In  this  way  all  the  air   in    D 
be  extracted,  the  final  stages  being  facilitated  by  the  admission  < 
little  water  into  D,  the  last  traces  of  air  being  driven  over  into  A 
the  rush  of  vapour  from  the  water.     A  known  volume  of  blood  havi^^^ 
been  collected  over  mercury  in  a  small  tube  is  now  allowed  to  entef 
through  the  tap  h  and  yields  up  its  gases  to  the  vacuum.     A  repetitic^^'' 


on 
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the  processes  by  which  the  air  in  B  was  originally  extracted  will  now 
r-eiiiove  the  gases  which  have  been  given  off  from  the  known  volume  of 
li^lood,  the  only  difference  being  that  now  the  tube/ filled  with  mercury 
inverted  in  the  trough  e  over  the  upper  end  of  the  tube  6.  In  this 
rsL^  the  gases  originally  in  B  are  not  allowed  to  escape  into  the  air,  as 
^%wa.8  the  case  when  the  apparatus  was  being  originally  made  vacuous, 
l^iit  are  collected  in  f  for  subsequent  analysis.  During  the  extraction 
o£  the  gases  from  the  blood  the  bulb  D  is  immersed  in  a  vessel  of  warm 
"^'ater,  to  facilitate  the  exit  of  the  gases  and,  by  causing  the  formation 
o£  large  quantities  of  aqueous  vapour,  to  sweep  the  gases  rapidly  over 
ill  to  A,  The  sulphuric  acid  chamber  C  dries  the  vacuum  before  the 
-a^l  mission  of  the  blood  into  i>,  and  hence  makes  it  more  perfect  and 
onuses  the  most  complete  and  rapid  evolution  of  gases  from  the  blood. 

The  average  composition  of  the  gas  thus  obtained  from  each  of 
^he  two  kinds  of  blood  (the  arterial  blood  being  taken  from  a  large 
artery,  and  the  venous  blood  from  the  right  side  of  the  heart)  is, 
sitated  in  round  numbers,  as  follows : 

From  100  vols.  may  be  obtained 

Of  oxygen,  of  carbonic  acid,  of  nitrogen. 

Of  Arterial  Blood,       20  vols.  40  vols.  1  to  2  vols. 

Of  Venous  Blood,       8  to  12  vols.         46  vols.  1  to  2  vols. 

^l  measured  at  760  mm.  and  0^  C. 

That  is  to  say,  venous  blood,  as  compared  with  arterial  blood, 
<^oiitains  8  to  12  p.c.  less  oxygen  and  6  p.c.  more  carbonic  acid.  It 
^vist  be  rememoered,  however,  that  while  arterial  blood  from 
whatever  artery  taken  has  always  nearly  the  same  proportion 
^f  gases,  or  at  all  events  the  same  amount  of  oxygen,  the  amount 
^f  oxygen  in  venous  blood,  even  when  taken  from  the  same  vein, 
^ay  vaiy  a  good  deal,  still  more  so  when  it  is  taken  from  different 
^"^ins.    The  reason  of  this  we  shall  see  hereafter. 

It  will  be  convenient  to  consider  the  relations  of  each  of  these 
"S^ses  separately. 


Hie  relations  of  Oxygen  in  the  Blood, 

§  343.  When  a  liquid  such  as  water  is  exposed  to  an 
Atmosphere  containing  a  gas  such  as  oxygen,  some  of  the  oxygen 
^ill  be  dissolved  in  the  water,  that  is  to  say,  will  be  absorbed  from 
^le  atmosphere.  The  quantity  which  is  so  absorbed  will  depend 
^n  the  pressure  of  the  oxygen  in  the  atmosphere  above ;  the* 
greater  the  pressure  of  the  oxygen,  the  larger  the  amount  which 
^11  be  absorbed.  If  the  pressure  of  the  whole  atmosphere  remain 
tihe  same,  at  760  mm.  of  mercury  for  instance  (the  ordinary  at- 
^Ifiospheric  pressure),  the  pressure  of  the  oxygen  may  be  increased 
^r  diminished  by  increasing  or  diminishing  the  proportion  of 
oxygen  in  the  atmosphere.     So  that  with  an  atmosphere  remain- 
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ing  at  any  given  pressure  the  quantity  of  oxygen  absorbed  \\ dll 

depend  on  the  quantity  present  in  that  atmosphere.     If  on  tC" 
other  hand  water,  abeady  containing  a  good  deal  of  oxygen  d£^ 
solved  in  it,  be  exposed  to  an  atmosphere  containing  little  or  cr 
oxygen,  the  oxygen  i^ill  escape  from  the  water  into  the  atmosphe^cz 
The  oxygen,  m  fact,  which  is  dissolved  in  the  water,  like  tZ  ]lie 

oxygen  in  the  atmosphere  above,  stands  at  a  certain  pressure,  tl~    t  le 
amount  of  pressure  depending  on  the  quantity  dissolved ;   b,^—  _  -^id 

when  water  cf>ntaining  oxygen  dissolved  in  it  is  exposed  to  a:r  my 

atmosphere,  the  result,  that  is,  whether  the  oxygen  escapes  fn —  ^  ->m 
the  water  into  the  atmosphere,  or  passes  from  the  atmosphere  irr —  — :ato 
the  water,  depends  on  whether  the  pressure  of  the  oxygen  in  t  ziz^ir  he 
water  is  greater  or  less  than  the  pressure  of  the  oxygen  in  <  *  he 
atmosphere.  Hence  when  water  is  exposed  to  oxygen,  the  nTy^j—  ^_^en 
either  escapes  or  is  absorbed  until  equilibrium  is  establisl 
between  the  pressure  of  the  oxygen  in  the  atmosphere  above 
the  pressure  of  the  oxygen  in  the  water  below.  This  result  is, 
far  as  mere  absorption  and  escape  are  concerned,  quite  im 
pendent  of  what  other  gases  are  present  in  the  water  or  in 
atmosphere.  Suppose  a  half-litre  of  water  was  Ipng  at 
bottom  of  a  two-litre  flask,  and  that  the  atmosphere  in  the  flj 
above  the  water  was  one-third  oxygen;  it  would  make  no 
ference,  as  far  as  the  absorption  of  oxygen  by  the  water 
concerned,  whether  the  remaining  two-thirds  of  the  atmosph- 
was  carbonic  acid,  or  nitrogen,  or  hydrogen,  or  whether  the  sj 
above  the  water  was  a  vacuum  filled  to  one-third  with  pi 
oxygen.  Hence  it  is  said  that  the  absorption  of  any  gas  depenn^- 
on  the  partial  pressure  of  that  gas  in  the  atmosphere  to  wh: 
the  liciuid  is  exposed.  This  is  true  not  only  of  oxygen 
water,  but  of  all  gases  and  liquids  which  do  not  enter  \r^^ 
chemical  combination  with  each  other.  Diflerent  liquids  will 
course  absorb  different  gases  with  differing  readiness ;  but,  w: 
the  same  gas  and  the  same  liquid,  the  amount  absorbed  wi- 
depend  directly  on  the  partial  pressure  of  the  gas  in  the  overljin^ 
space.  It  should  be  added  that  the  process  is  much  influencecT^^^ 
by  temperature.  Hence,  to  state  the  matter  generally,  the  ab-^*^  c 
sorption  of  any  gas  by  any  liqiiid  will  depend  on  the  nature  of^™" 
the  gas,  the  nature  of  the  liquid,  the  pressure  of  the  gas,  and  the 
temperature  at  which  both  stand. 

Now  it  might  be  supposed,  and  indeed  was  once  supposed, 
that  the  oxygen  in  the  blood  was  simply  dissolved  by  the  blood. 
If  this  were  so,  then  the  amount  of  oxygen  present  in  anv 
given  quantity  of  blood  exposed  to  any  given  atmosphere,  ought 
to  rise  and  fall  steadily  and  regularly  as  the  partial  pressure 
of  oxygen  in  that  atmosphere  is  increased  or  diminished;  the 
absorption  (or  escape)  of  oxygen  ought  to  follow  what  is 
known  as  the  Henry-Dalton  law  of  pressures.  But  this  is 
fioond  not  to  be  the  case.    If  we  expose  blood  containing  little  or 
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^^en  to  a  succession  of  atmospheres  containing  increasing 
ties  of  oxygen,  we  find  that  at  first  there  is  a  very  rapid 
tion  of  the  available  oxygen,  and  then  this  somewhat 
ily  ceases  or  becomes  very  small ;  and  if  on  the  other  hand 
>mit  arterial  blood  to  successively  diminishing  pressures,  we 
lat  for  a  long  time  very  little  oxygen  is  given  off,  and  then 
ily  the  escape  becomes  very  rapid.  The  absorption  of 
i  by  blood  does  not  follow  the  general  law  of  absorption 
ing  to  pressure.  The  phenomena  on  the  other  hand  suggest 
lea  that  the  oxygen  in  the  blood  is  in  some  particular 
lation  with  a  substance  or  some  substances  present  in  the 
the  combination  being  of  such  a  kind  that  it  holds  good 

a  lowering  of  pressure  down  to  a  certain  limit,  and  that 
lissociation  readily  occurs;  we  may  add  that  this  limit  is 
iosely  dependent  on  temperature.  It  is,  however,  not  to  be 
ed  that  as  the  pressure  is  lowered,  no  oxygen  whatever  is 
3ff  fix)m  the  substance  until  a  certain  point  is  reached,  and 
J  that  point  the  whole  store  is  in  an  instant  dissociated,  no 
"emainmg  to  be  given  off.  The  case  is  rather  that  while 
re  is  being  lowered  down  to  a  certain  point,  no  appreciable 
ation  takes  place,  and  that  then  having  begun  it  increases 
r  with  each  further  lowering  of  pressure  until  the  whole  of 
jrgen  is  given  off.  During  this  narrow  range,  between  the 
jginning  to  give  off  oxygen  and  the  completion  of  the  giving 
J  compound  of  the  oxygen  with  the  substance  or  substances 
e  spoken  of  as  partly,  that  is  more  or  less,  dissociated, 
is  the  substance  or  what  are  the  substances  with  which  the 
I  is  thus  peculiarly  combined  ? 

serum,  free  from  red  corpuscles,  be  used  in  such  absorption 
nents,  it  is  found  that,  as  compared  with  the  entire  blood, 
ittle  oxygen  is  absorbed,  about  as  much  as  would  be 
ed  by  the  same  quantity  of  water ;  and  such  as  is  absorbed 
)llow  the  law  of  pressures.  In  natural  arterial  blood  the 
ty  of  oxygen  which  can  be  obtained  from  serum  is  exceed- 
mall ;  it  does  not  amount  to  half  a  volume  in  one  hundred 
38  of  the  entire  blood  to  which  the  serum  belonged.  It  is 
t  that  the  oxygen  which  is  present  in  blood  is  in  some  way 
jjp  peculiarly  connected  with  the  red  corpuscles.  Now  the 
;ui8hing  feature  of  the  red  corpuscles  is  the  presence  of 
flobin.     We  have  already  seen  (§  24)  that  this  constitutes 

cent,  of  the  dried  red  corpuscles.  There  can  be  d  pr-iori 
doubt  that  this  must  be  the  substance  with  which  the 
I  is  associated ;  and  to  the  properties  of  this  body  we  must 
>re  direct  our  attention. 

44.  Hcemoglobin.  When  separated  from  the  other  con- 
its  of  the  senim,  haemoglobin  appears  as  a  substance,  either 
lious  or  crystalline,  readily  soluble  in  water  (especially  in 
veater)  and  in  senim. 
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Since  haemoglobin  is  soluble  in  serum,  and  since  the  identity  of 
crystals  ol>served  occasionally  within  the  corpuscles  with  those  obtai- 
in  other  ways  shews  that  the  haemoglobin  as  it  exists  in  the  corpuscl 
the  same  thing  as  that  which  is  artificially  prepared  from  blood, 
evident  that  some  peculiar  relationship  beti^een  the  stroma  and 
hiemoglobin  must,  in  natural  blood,  keep  the  latter  from  being  dissol 
by  the  serum.     Hence  in  preparing  haemoglobin  it  is  necessary  tirs 


all  to  break  up  this  connection  and  to  set  the  haemoglobin  free 

the  corpuscles.     This  may  be  done  by  the  addition  of  water,  of  et 

of  chloroform  or  of  bile  salts,  or  by  repeatedly  freezing  and  thawi 

blood  so  treated  becomes  *lakv/  cf.  ?i  24.     It  is  also  of  advant 

previously  to  remove  the  alkaline  serum  as  much  as  possible  so  ii  i        to 

operate  only  on  the  red  corpuscles.     The  stroma  and  haemoglobin 

thus  sepanite<L  a  solution  of  haemoglobin  is  the  result.     The  alkali: 

of  the  solution,  when  present,  being  reduced  by  the  cautious  addi 

of  dilute  acetic  acid,  and  the  solvent  power  of  the  aqueous  med. 

l>eing  diminished  by  the  addition  of  one-fourth  its  bulk  of  al< 

the  mixture,  set  ivside  in  a  temperature  of  C  C.  in  order  still  fui 

to  reduce  the  solubility  of  the  haemoglobin,  readily  crystallizes, 

the  blood  used  is  that  of  the  dog.  cat,  horse,  rat,  guinea-pig,  «fcc. 

the  case  of  the  dog  indeed  it  is  simply  sufficient  to  add  ether  carei 

to  the  blootl  until  it   just  l>eoomes  'lakv/  and  then  to  let  it 

in  a  oool  place;  the  mixture  soon  becomes  a  mass  of  crystals. 

crystals  may  be  sej^rated  by  tiltration,  redissolved  in  water  anA- 

cr>'stAlli2ed, 


Hrpmoglobiu  frL»m  the  bUxxi  of  the  rat,  guinea-pig,  squiMT"^^^, ' 
ht-dcohi^i:,  hoise.  cat,  dog,  gvxise.  and  some  other  animals,  cry&t^^"'"'*^' 
lizos  rt\^ililv.  the  orxstals  beinij  gtnerallv  slender  four-sided  priso^^^.^' 
Klonging   TO   thi    rhombic   system,   and   often   appearing   qui     ^^j^ 
aoiouiar.     The   orj-sials   from   the    blood   of  the  guinea-pig  ^'"^^^he 
i»ctaht-dral.  but  als^^  KloDir  to  the  rhombic  svstem;  those  of  th»  ^^.w 
Sfjuinvl  an'  six-sidtil  plaies.     The  blood  of  the  ox,  sheep,  rabbit^^^-es 
pig,  and  mail,  crystallizes  with  difficulty.     WTiy  these  differenced^   ^^r 
exist  is  iit't  known :  but  the  eompasation  and  the  amount  of  water ^'^^^^^ 
of   cn-staViir-^tion  van'  s<«mewhat  in  the  crvstals  obtained  from    ^^#e 
diftVrv  liT  animals.     In  the  dog.  the  percentage  composition  of  the 
orvsTAis   has   Kxn   doieniiined  as  C.  53S5.   H.  7 '32,   X.   16*17, 
C».  :21  S+.  S.  0  :V.>.  Fo.  -Kv  with  8  to  4  per  cent,  of  water  of  crystal- 
li7-:\tiitii.     It    will    thus   K*   sc-on   that   haemoglobin   contains,  in 
addiii;ai   :o  :ho  oihtr  elements  usually  present  in  proteid  sub- 
sTAiuvs,  a  oi Tuiin  amoun:  of  iron ;  that  is  to  sav,  the  element  iron 
is  a  distill o:  jvirt  of  The  hamoglobin  molecule:  a  feet  which  of 
iisi^lf  n  iideis  ha  moglvbiii  i\  markablo  among  the  chemical  sub- 
staiuvs  pn>Siii:  in  tho  aiiimai  K>iy. 

$  S45.  The  orv'stH^ls.  wht ii  sc-tu  in  a  sutfidentlv  thick  layer 
under  the  mioTvisiN^jv,  have  the  same  bright  scarlet  colour  as 
artorial  Mood  has  to  the  u:\kt\i  eve :  when  seen  in  a  mass  thev 


natural! V  apwAr  darker     An  a^uii'us  sk'lution  of  haemoglobin, 
obtainecl  by  aissi>hing  punned  ci^^tJLs  in  distilled  water,  has  also 
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the  same  bright  arterial  colour.    A  tolerably  dilute  solution  placed 
tH:?fore  the  spectroscope  is  found  to  absorb  certain  rays  of  light  in 
•^  pieculiar  and  characteristic  manner.     A  portion  of  the  red  end  of 
t  He  spectrum  is  absorbed,  as  is  also  a  much  larger  portion  of  the 
l>lue  end;  but   what  is   most   striking  is   the  presence   of  two 
strongly  marked  absorption  bands,  lying  between  the  solar  lines  D 
-SLiid  E.     (See  Fig.  75.)     Of  these  the  one  towards  the  red  side, 
sometimes  spoken  of  as  the  band  a,  is  the  thinnest,  but   the 
most  intense,  and  in  extremely  dilute  solutions  (Fig.  75,  1)  is  the 
only  one  visible ;  its  middle  lies  at  some  little  distance  to  the  blue 
-sicle  of  D.     Its  position  may  be  more  exactly  defined  by  expressing 
it     in  wave-lengths.     As  is  well  known  the  rays  of  light  which 
yii^ke  up  the  spectrum  diflFer  in  the  length  of  their  waves,  diminish- 
_  from  the  red  end,  where  the  waves  are  longest,  to  the  blue  end, 
here  they  are  shortest.     Thus  Frauenhofer  s  line  D  corresponds 
t-o    rays  having  a  wave-length  of  589*4  millionths  of  a  millimeter. 
^Jsiiig  the  same  unit,  the  centre  of  this  absorption  band  a  of  haenio- 
J?lobin  corresponds  to  the  wave-length  578;   as  may  be  seen  in 
^'ig.  75,  where  however  the  numbers  of  the  divisions  of  the  scale 
liclicate  only  100,000  of  a  millimeter.    The  other,  sometimes  called 
much  broader,  lies  a  little  to  the  red  side  of  E,  its  blueward 
e,  even  in  moderately  dilute  solutions  (Fig.  75,  2)  coming  close 
^•^p  to  that  line ;  its  centre  corresponds  to  about  wave-length  539. 
Hach  band  is  thickest  in  the  middle,  and  gradually  thins  away  at 
tKe  edges.     These  two  absorption  bands  are  extremely  character- 
istic of  a  solution  of  haemoglobin.     Even  in  very  dilute  solutions 
hoth  bands  are  visible  (they  may  be  seen  in  a  thickness  of  1  cm. 
in   a  solution  containing  1  grm.  of  haemoglobin  in  10  litres  of 
'^ater),  and  that  when  scarcely  any  of  the  extreme  red  end,  and 
ver}'  little  of  the  blue  end,  is  cut  off.     They  then  appear  not  only 
fiunt  but  narrow.     As  the  strength  of  the  solution  is  increasea, 
the  bands  broaden,  and  become  more  intense ;  at  the  same  time 
hoth   the  red  end,  and  still  more  the  blue  end,  of  the  whole 
spectrum,  are  encroached  upon  (Fig.  75,  3).    This  may  go  on  until 
the  two  absorption  bands  become  fused  together  into  one  broad  band 
(Fig.  75,  4).     The  only  rays  of  light  which  then  pass  through  the 
haemoglobin  solution  are  those  in  the  green  between  the  blueward 
^ge  of  the  united  bands  and  the  general  absorption  which  is  now 
rapidly  advancing  from  the  blue  end,  and  those  in  the  red  between 
the  united  bands  and  the  general  absorption  at  the  red  end.     If 
^he  solution  be  still  further  increased  in  strength,  the  interval  on 
the  blue  side  of  the  united  bands  becomes  absorbed  also,  so  that 
^he  only  rays  which  pass  through  are  the  red  rays  lying  to  the  red 
**de  of  D ;  these  are  the  last  to  disappear,  and  hence  the  natural 
^  colour  of  the  solution  as  seen  by  transmitted  light.     Exactly 
the  same  appearances  are  seen  when  crystals  of  hajmoglobin  are 
examined  with  a  microspectroscope.     They  are  also  seen  when 
^rial  blood  itself  (diluted  with  saline   solutions  so  that   the 

F.  36 


Fio.  75.    (After  Prejer  and  Guneee.)     The   Svectiu   or  Oii-Hxmoglomx   ts^^j 

CutBOSIC-  OlIDE'  H  ^UOOLO  BIS . 

1  to  4.    Solation  ot  Oxy-Hsmoglobin  containing  (1)  \es»  than  "01  p.c,  (3)  -09  p.c-    -^ 
(3)  -37  p.c..  (4)  -8  P.O. 
6.  „        „     (redaced)  HK'nii>globiD  containing  about  '2  p.c. 

6.  „        „    carbonic  oxide  Hsmoglobin. 

In  each  ot  the  six  caws  the  layer  brought  before  the  spectroscope  was  1  cjd.  in 
thiokneM.    "Die  letters  [A,  a  ^a.)  indicate  Krauenhofei's  ImeB,  and  the  figure*  wani. 
'   n  lOO.OOOth  of  a  millimetrr. 


.  II.]  RESPIRATION.  563 

orpuscles  remain  in  as  natural  a  condition  as  possible)  is  examined 
th  the  spectroscope,  as  well  as  when  a  drop  of  blood,  which  from 
t:he  necessary  exposure  to  air  is  always  arterial,  is  examined  with 
tfYte  micro-spectroscope.  In  fact,  the  spectrum  of  haemoglobin  is 
t^Yte  spectrum  of  normal  arterial  blood. 

§346.  When  crystals  of  haemoglobin,  prepared  in  the  way 
d^iscribed  above,  are  subjected  to  the  vacuum  of  the  mercurial  air- 
pump,  they  give  off  a  certain  quantity  of  oxygen,  and  at  the  same 
^xxne  they  change  in  colour.  The  quantity  of  oxygen  given  off  is 
definite,  1  grm.  of  the  crystals  giving  off  1*59  ccm.  of  oxygen 
xrkeasured  at  760  mm.  Hg  and  0®  C.  In  other  words,  the  crystals 
<>f  haemoglobin,  over  and  above  the  oxygen  which  enters  intimately 
JJ^^to  the  composition  of  the  molecule  (and  which  alone  is  given  in  the 
elementary  composition  previously  stated),  contain  another  quantity 
^^K  ^^yS^^»  which  is  in  loose  combination  only,  and  which  may  be 
dissociated  from  them  by  subjecting  them  to  a  sufficiently  low  pres- 
re.  The  change  of  colour  which  ensues  when  this  loosely  combined 
ygen  is  removed,  is  characteristic ;  the  crystals  become  darker  and 
ore  of  a  purple  hue,  and  at  the  same  time  dichroic,  so  that  while 
^Ixe  thicker  ridges  are  purple,  the  thin  edges  appear  greenish. 

An  ordinary  solution  of  haemoglobin,  like  the  crystals  from 

^''liich  it  is   formed,  contains  a  definite   quantity  of  oxygen  in 

^    similarly  peculiar  loose  combination ;  this  oxygen  it  also  gives 

^p  when  subjected  in  the  air-pump  to  a  sufficiently  low  pressure, 

'^^oming  at   the   same   time   of  a   purplish   hue.     This  loosely 

^ombined  oxygen  may  also  be  removed  by  passing  a  stream  of 

*^ydrogen   or  other  indifferent   gas   through    the   solution;    the 

stream  of  hydrogen  acts  like  an  oxygen- vacuum  to  the  haemo- 

S'lobin   and  thus  dissociation  is  effected.     Carbonic  acid  gas  is 

Unsuitable   for  this  purpose,   since,  as   we   shall   see,   being  an 

^oid  it  acts  in  another  way  on  the  haemoglobin.     The  oxygen  may 

^Iso  be  removed  from  the  haemoglobin  not  only  by  physical  but 

^so  by  chemical  means,  as  by  the  use  of  reducing  agents.     Thus 

*f  a  few  drops  of  ammonium  sulphide  or  of  an  alkaline  solution  of 

ferrous   sulphate,   kept   from    precipitation   by   the   presence   of 

^^Jtaric  acid,  be  added  to  a  solution  of  haemoglobin,  or  even  to  an 

^npurified  solution  of  blood  corpuscles  such  as  is  afforded  by  the 

"^^ashings  fit)m  a  blood  clot,  the  oxygen  in  loose  combination  with 

^He  haemoglobin   is   immediately  seized   iipon   by  the   reducing 

'^ent.     This  may  be  recognised  at  once,  by  the   characteristic 

Change  of  colour ;  from  a  bright  scarlet  the  solution  becomes  of  a 

purplish  claret  colour,  when  seen  in  any  thickness,  but  greenish 

^hen  sufficiently  thin :  the  colour  of  the  reduced  solution  is  exactly 

*ike  that  of  the  crystals  from  which  the  loose  oxygen  has  been 

Amoved  by  the  air-pump. 

Examined  by  the  spectroscope,  this  reduced  solution,  or  solution 
^t  reduced  hcdmoglobin,  as  we  may  now  call  it,  offers  a  spectrum 
(Kg.  75,  5)  very  different  from  that  of  the  unreduced  solution. 

36—2 
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The  two  absorption  bands  have  disappeared,  and  in  their  pi 
there  is  seen  a  single,  much  broader,  but  at  the  same  time  ni^  ■  ch 
fainter  band,  whose  middle  occupies  a  position  about  mid^s^^aj 
between  the  two  absorption  bands  of  the  unreduced  solut  ^m^on, 
though  the  red  ward  edge  of  the  band  shades  away  rather  fart^^lner 
towards  the  red  than  does  the  other  edge  towards  the  blue  i  its 

centre  corresponds  to  about  wave  length  555.  At  the  same  t^ixne 
the  general  absorption  of  the  spectrum  is  diflferent  from  tha^^zi  of 
the  unreduced  solution ;  less  of  the  blue  end  is  absorbed.  E^  ^^ren 
when  the  solutions  become  tolerably  concentrated,  many  of  -fche 
bluish-green  rays  to  the  blue  side  of  the  single  band  still  ^z^^ss 
through.  Hence  the  diflFerence  in  colour  between  ha?moglci:^^p 
which  retains  the  loosely  combined  oxygen*,  and  ha^moglci^'fci" 
which  has  lost  its  oxygen  and  become  reduced.  In  toler^^'^^'j' 
concentrate  solutions,  or  tolerably  thick  layers,  the  former  I-  ^^ 
through  the  red  and  the  orange-yellow  rays,  the  latter  the  red  ^^^-^d 
the  bluish-green  rays.  Accordingly,  the  one  appears  scarlet,  ^^=ne 
other  purple.  In  dilute  solutions,  or  in  a  thin  layer,  the  redux  ^r:^ 
haemoglobin  lets  through  so  much  of  the  green  rays  that  tr-fc*^)* 
preponderate  over  the  red,  and  the  resulting  impression  is  oa^^"  ^^ 
green.  In  the  unreduced  haemoglobin  or  oxyhaemoglobin,  *::^9^ 
potent  yellow  which  is  blocked  out  in  the  reduced  hai^moglo^^P 
makes  itself  felt,  so  that  a  very  thin  layer  of  oxyhaemoglobin,  a.^  ^^ 
a  single  corpuscle  seen  under  the  microscope,  appears  yell-  ^^ 
rather  than  red. 

It   must   be   remembered   that   when   we   speak   of  redn< 
haemoglobin  (or  more  briefly  hsemoglobin),  with  a  purple  ct>l' 
and  a  characteristic  onebanded  spectrum,  we  mean  haemoglo^ 
which  has  lost  all  its  loosely  associated  oxygen.     If  a  quantity 
oxyhaemoglobin  be  exposed  to  an  insuflBciently  low  pressure,  of 
the  action  of  an  insufficient  quantity  of  the  reducing  action^ 
gives  up  a  part  only  of  its  oxygen ;   it  is  only  partly  rediic 
Such    a   partly  reduced  solution   still   shews   the  two   bandf         ^* 
oxyhiemoglobin. 

§  347.     When  the  haemoglobin  solution  (or  crystal)  which  iT"     ^^*^ 
lost  its  oxygen  by  the  action  either  of  the  air-pump  or  of  a  reduci'      ^8 
agent  or  by  the  passage  of  an  indifferent  gas,  is  exposed  to  ^^^^^ 
containing  oxygen,  an  absorption  of  oxygen  at  once  takes  plac^^"'^^* 
If   sufficient   oxygen   be   present,    the   haemoglobin   seizes  upc;^'^^ 
sufficient   oxygen   to   obtain  its  full  complement,  each   graninr  ^^^^ 
taking  up  in  combination  1*59  c.cm.  of  oxygen;  if  there  be  J^^^^+u 
insufficient  quantity  of  oxygen  the  haemoglobin  still  remains  partli-  ^^^q 
reduced;  or  perhaps  we  may  say  that  a  part  only  of  the  hffimcC^^g^ 
globin  gets  its  allowance  while  the  remainder  continues  reduceC^^^j 
If  the  amount  of  oxygen  be  sufficient,  the  solution  (or  crystal), 


^  For  brevity^s  sake  we  may  call  the  basmoglobin  containing  oxygen  in  loo8»^[^  .« 
combination,  oxyhamoglohin^  and  the  bsemoglobin  from  which  this  loosdy  combine 
oxygen  has  been  removed,  reduced  haemoglobin  or  simply  hasmoglobin. 
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it  takes  up  the  oxygen,  regains  its  bright  scarlet  colour  and  its 
chamcteristic  absorption  spectrum,  the  ^nde  band  bein^  replaced 
"by  the  two.  Thus  if  a  solution  of  oxyhaemoglobin  m  a  test- 
trul)e,  after  being  reduced  by  the  action  of  a  drop  or  two  of 
ttiximonium  sulphide  solution  and  thus  shewing  the  purple  colour 
ctnd  the  single  band,  be  shaken  up  with  air,  the  bright  scarlet 
oolour  at  once  returns,  and  when  the  fluid  is  placed  before  the 
spectroscope,  it  is  seen  that  the  single  faint  broad  band  of  the 
r-educed   haemoglobin   has  wholly  disappeared,   and   that   in    its 

1>l3ce  are  the  two  sharp  thinner  bands  of  the  oxyhaemoglobin.     If 
eft  to  stand  in  the  test-tube  the  quantity  of  reducing  agent  still 
present  is  generally  suflScient  again  to  rob  the  haemoglobm  of  the 
oxygen  thus  newly  acquired,  and  soon  the  scarlet  hue  fades  back 
^*§^m  into  the  purple,  the  two  bands  giving  place  to  the  one. 
-A^nother  shake  and  exposure  to  air  will  however  again  bring  back 
the  scarlet  hue  and  the  two  bands ;  and  once  more  these  may  dis- 
appear.    In  fact,  a  few  drops  of  the  reducing  fluid  will  allow  this 
Same  of  haemoglobin  taking  oxygen  fix)m  the  air  and  giving  it  up 
to  the  reducer  to  be  played  over  and  over  again ;  at  each  turn  of 
t-he  game  the  colour  shifts  fix)m  scarlet  to  purple,  and  from  purple 
to  scarlet,  while  the  two  bauds  exchange  for  the  one,  and  the  one 
fer  the  two. 

§  348.  Colour  of  Venous  and  Arterial  Blood,  Evidently  we 
have  in  these  properties  of  haemoglobin  an  explanation  of  at  least 
One-half  of  the  great  respiratory  process,  and  they  teach  us  the 
it^eaning  of  the  change  of  colour  which  takes  place  when  venous 
hlood  becomes  arterial  or  arterial  venous. 

In  venous  blood,  as  it  issues  from  the  right  ventricle,  the 
Oxygen  present  is  insufficient  to  satisfy  wholly  the  haemoglobin 
of  the   red   corpuscles;    the   haemoglobin   is,  to  a  large  extent, 
^^^uced,  hence  the  purple  colour  of  venous  blood.    When  ordinary 
Venous  blood,  diluted  without  access  of  oxygen,  is  brought  before 
tlie  spectroscope,  the  two  bands  of  oxyhaemoglobin  are  seen.    This 
i^  explained  by  the  fact  that  in  partly  reduced  haemoglobin,  which 
'^e  may  conveniently  regard  as  a  mixture  of  oxyhaemoglobin  and 
(i^uced)  haemoglobin,  the  two  sharp  bands  of  the  former  are 
always  much  more  readily  seen  than  the  much  fainter  band  of  the 
latter.     Now  in  ordinary  venous  blood  there  is  always  some  loose 
Oxygen,  removable  by  diminished  pressure  or  otherwise;  the  haemo- 
globin is  only  partly  reduced,  there  is   always   some,  indeed  a 
oonsiderable   quantity,   of  oxyhaemoglobin   as  well   as  (reduced) 
haemoglobin.   It  is  only  under  special  circumstances,  as  for  instance 
after  death  by  what  we  shall  presently  speak  of  as  asphyxia,  that 
aJl  the  loose  oxygen  of  the  blood  disappears ;  and  then  the  two 
\>ands  of  the  oxyhaemoglobin  vanish  too.     If  even  only  a  small 
quantity  of  oxygen  be  present  so  distinct  are  the  two  bands  that  a 
Solution  of  completely  reduced  haemoglobin  may  be  used  as  a  test 
for  the  presence  of  oxygen ;  if  oxygen  be  present  in  any  fluid 
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to   which   the   reduced   hsBmoglobin   is  added,  the   single 
immediately  gives  way  to  the  two  bands  of  oxyhaemoglobin. 

As  the  venous  blood  passes  through  the  capillaries  of  the  lur^.^ 

this  reduced  haemoglobin  takes  from  the  pulmonary  air  its  comp^^Fe- 
ment  of  oxygen,  all  or  nearly  all  the  haemoglobin  of  the  :x-^ed 
corpuscles  becomes  oxyhaemoglobin,  and  the  purple  colour  forthwi  ^4 
shifts  into  scarlet.  For  careful  observations  shew  that  the  haeiz&Jiu  -o* 
globin  of  arterial  blood  is  saturated  or  nearly  saturated  vri'^^^ 
oxygen ;  it  probably  falls  short  of  complete  saturation  by  abo  ^^* 
1  vol.  of  oxygen  in  100  vols,  of  blood.  By  increasing  the  pressu 
of  the  oxygen,  an  additional  quantity  may  be  driven  into  the  bloo^^^^ 
but  this,  after  the  haemoglobin  has  become  completely  saturateC^^^ 
is  eflfected  by  simple  absorption.  The  quantity  so  added  ^^^23^ 
extremely  small  compared  with  the  total  quantity  combined  witl^  ^ 
the  haemoglobin. 

Passing  from  the  left  ventricle  to  the  capillaries  of  the  tissues 
the  oxyhaemoglobin  gives  up  some  of  its  oxygen  to  the  tissues, 
becoming,  in  part,  reduced  naemoglobin,  and  the  blood  in  conse- 
quence becomes  once  more  venous,  with  a  purple  hue.  Thus  the 
red  corpuscles  by  virtue  of  their  haemoglobin  are  emphatically 
oxygen-carriers.  Undergoing  no  intrinsic  change  in  itself,  the 
haemoglobin  combines  in  the  lungs  with  oxygen,  which  it  carries  to 
the  tissues;  these,  more  greedy  of  oxygen  than  itself,  rob  it  of 
its  charge,  and  the  reduced  haemoglobin  hurries  back  to  the  lungs 
in  the  venous  blood  for  another  portion.  The  change  from  venous 
to  arterial  blood  is  then  in  part  (for  as  we  shall  see  there  are  other 
events  as  well)  a  peculiar  combination  of  haemoglobin  with  oxygen, 
while  the  change  from  arterial  to  venous  is,  in  part  also,  a  reduc- 
tion of  oxyhaemoglobin;  and  the  difference  of  colour  between 
venous  and  arterial  blood  depends  almost  entirely  on  the  fact  that 
the  reduced  haemoglobin  of  the  former  is  of  purple  colour,  while 
the  oxyhaemoglobin  of  the  latter  is  of  a  scarlet  colour. 

There  may  be  other  causes  of  the  change  of  colour,  but  these 
are  wholly  subsidiary  and  unimportant.  When  a  corpuscle  swells, 
its  refractive  power  is  diminished,  and  in  consequence  the  number 
of  rays  which  pass  into  and  are  absorbed  by  it  are  increased  at  the 
expense  of  those  reflected  from  its  surface;  anything  therefore 
which  swells  the  corpuscles,  such  as  the  addition  of  water,  tends  to 
darken  blood,  and  anything,  such  as  a  concentrated  saline  solution, 
which  causes  the  corpuscles  to  shrink,  tends  to  brighten  blood. 
Carbonic  acid  has  apparently  some  influence  in  swelling  the 
corpuscles,  and  therefore  may  aid  in  darkening  the  venous  blood. 

§  349.  We  have  spoken  of  the  combination  of  haemoglobin 
with  oxygen  as  being  a  peculiar  one.  The  peculiarity  consists  in 
the  facts  that  the  oxygen  may  be  associated  and  dissociated,  with- 
out any  general  disturbance  of  the  molecule  of  haemoglobin,  and 
that  dissociation  may  be  brought  about  very  readily.  luemoglobin 
combines  in  a  wholly  similar  manner  with  other  gases.    If  carbonic 
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ide  (monoxide)  be  passed  through  a  sohition  of  haemoglobin,  a 

ohange  of  colour  takes  place,  a  peculiar  bluish  tinge  making  its  ap- 

;po^utuice.     At  the  same  time  the  spectrum  is  altered ;  two  bauds 

e  still  visible,  but  on  accurate  measurement  it  is  seen  that  they 

placed  more  towards  the  blue  end  than  are  the  otherwise 

^similar  bands  of  oxyhasmoglobin  (see  Fig.  75,  6) ;  their  centres  corre- 

!i$ponding  respectively  to  about  wave-lengths  572  and  533,  while 

those  of  oxyhsemoglobin  as  we  have  seen  correspond  to  578  and 

539.    When  a  known  quantity  of  carbonic  oxide  gas  is  sent  through 

SL    haemoglobin  solution,  it  will  be  found  on  examination  that  a 

eertain  amount  of  the  gas  has  been  retained,  an  equal  volume  of 

ojcygen  appearing  in  its  place  in  the  gas  which  issues  from  the 

solution.     If  the  solution  so  treated  be  crystallized,  the  crystals 

w-ill  have   the   same   characteristic   colour,   and    give   the   same 

^Vieorption  spectrum  as  the  solution ;  when  subjected  to  the  action 

of*  the  mercurial  pump,  they  will  give  off  a  definite  quantity  of 

^^^O'bonic  oxide,  1  grm.  of  the  cr}'8tals  yielding  1*59  ccm.  of  the  gas. 

I*x  fact,  hsemoglobm  combines  loosely  with  carbonic  oxide  just  as  it 

^^^8  with  oxygen ;  but  its  affinity  with  the  former  is  greater  than 

^"^ith  the  latter.     While  carbonic  oxide  readily  turns  out  oxygen, 

ygen    cannot    so    readily  turn   out    carbonic    oxide.     Indeed, 

TDonic  oxide   has  been  used   as  a  means  of  driving  out  and 

^asuring  the  quantity  of  oxygen   present  in  any  given  blood. 

^     his  property  of  carbonic  oxide   explains  its   poisonous   nature. 

^^^en  the  gas  is  breathed,  the  reduced  and  the  unreduced  haemo- 

S^lobin  of  the  venous   blood  unite  with   the  carbonic  oxide,  and 

^  ^=»nce  the  peculiar  bright  cherry-red  colour  observable  in  the  blood 

d  tissues  in  cases  of  poisoning  by  this  gas.     The  carbonic  oxide 

-^moglobin,  however,  is  of  no  use  in  respiration;   it   is  not  an 

>cygen-carrier,  nay  more,  it  will  not   readily,  though  it  does  so 

^^Xowly  and  eventually,  give  up  its  carbonic  oxide  for  oxygen,  when 

^  ^le  poisonous  gas  ceases  to  enter  the  chest  and  is  replaced  by  pure 

The  organism  is  killed  by  suffocation,  by  want  of  oxygen,  in 

ite  of  the  blood  not  assuming  any  dark  venous  colour ;  to  adopt 

phrase  which  has  been  used,  the  corpuscles  are  paralysed. 

Hsemoglobin  similarly  forms  a  compound,  having  a  character- 
tic  spectrum,  with  nitric  oxide,  more  stable  even  than  that  with 
irbonic  oxide. 
It  has  been  supposed  by  some  that  the  oxygen  thus  associated 
Hth  hsemoglobin  is  in   the  condition  known  as  ozone;  but  the 
^Jfuments  urged  in  support  of  this  view  are  inconclusive. 

Products  of  the  decomposition  of  Hcemoglohin. 

§  360.  Although  a  crystalline  body,  haemoglobin  diffuses  with 
&^i  difficulty.  This  arises  from  the  fact  that  it  is  in  part  a 
proteid  body ;  it  consists  of  a  colourless  proteid,  associated  with  a 
<^loured  substance,  which  may  be  separated  out  from  the  haemo- 
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globin,  though  not  in  the  exact  condition  in  which  it  naturally 
exists   in   the   compound;    this    substance   when    separateil   out 
appears  as  a  bro^^-nish-red  body  known  as  haematin.     All  the  iron 
Iveionging  to  the  haemoglobin  is  in  reality  attached  to  the  hsematiu. 
A  solution  of  haemoglobin    when  heated,  coagulates,  the  exact 
degree  at  which  the  coagulation  takes  place  depending  on  the 
amount  of  dilution ;  at  the  same  time  it  turns  brown  fix>m  the 
sotting  free  of  the  haematin.     If  a  strong  solution  of  haemoglobin 
Iv  treated  with  acetic  (or  other)  acid,  the  same  brown  colour,  from 
the  ap}>earance  of  haematin,  is  obsen'ed.     The  proteid  constituent 
however  is  not  coagulated,  but  by  the  action  of  the  acid  passes 
into  the  state  of  acid-albumin.     On  adding  ether  to  the  mixture, 
and  shaking,  the  haematin  is  dissolved  in  the  supeniatant  acid 
other,  which  it  colours  a  dark  red,  and  which,  examined  with  the 
s]^HVtroseope.  is  found   to  possess  a   well-marked  spectnun,  the 
spootnmi  of  the  so-called  acid  ha*matin  of  Stokes  (Fig.  76,  6). 
The  proteid  in  the  water  below  the  ether  appears  in  a  coagulated 
fonn  oiK-inc:  to  the  action  of  the  ether.     In  a  somewhat  similar 
manner  alkalis  split  up  ha'moglobin  into  a  ptoteid  constituent 
and  ha-matin. 

Tho  exact  naturo  of  the  proteid  constituent  of  hannoglobin 
h:is  not  :is  yet  been  clearly  determined.  It  was  sa|qpoeed  to 
Ix^  globulin  whence  the  name  ha-matoglobulin.  contracted  into 
hAnnoc^^^biuX  but  Though  belonging  to  the  globnlin  &milT,  has 
oharaotors  of  ii^  own;  it  is  possibjy  a  mixtuiv  of  two  or  more 
disiino:  pn-^ti  i^is.  I:  has  be^n  provisionally  named  plobim  and  is 
>A:d  to  bt  frvv  tiV'm  ash. 

§  351.  H:i  r.iatin  when  separated  iiv'm  its  pi»teid  fellow,  and 
pr.r.r.cxi.  Appears  as  a  daii-br^  wn  amorphous  pi>wder.  or  as  a  scaly 
mAss  t^i:h  a  ir.o:a*l:o  iV.sTJv-.  having:  rhe  pTv-b&ble  cc*mpL>sition  of 
C^.  H^,  N^,  Fr.  O,.     I:  is  tsdr'.y  <rvuKe  in  diii::*-  acid  s.^  alkaline 

Av.  :r.:<i\>:ir-^  :Vs:v.iv  in  h.^niAiii.  is  iha:  ::s  jli\ihrt^  Sijlution 

.•hxi-civc  ^*  *"'"  ?5ii--r  :i'v.r  -  Ki^.  7i\  Si.  aini  ihaT  "he  reduced 
>.>.:::;■:'.  T^-ill.  ".ik-  :>.r  h.*  r.. . c^  "Vir..  tike  "HT'  :sv;:«;  a^ain  on 
Iv.v.^  Vcv.^h:  :-:  .-^r.TwV^:  'ai:r.  iir  :c  .xTir-r^  This  would 
Si-.r/.  :.^  ir:-v.:A::   '\s:  :':•:   .  xv^tr--*r.:j.u:L^  t»  wt-r    f  h.%ir:Oi:iobin 

Fv  :r.:  A.-::.'..  .:  ^r^:■:  -  >■.:>:■>. "ri:  a.-:.:  r.^rjiitii.  i::at  be  r.«bbed 
.:  A.y.  ::<  ir.  i-  I:  >::..  r:TA::.>  :>.:  Tia:  .r:-  :■:'  Tt:«s?*-«?ii.^  '>:-::-ur.  :he 
>.■...:..■•..  :d  ".r  c.-r^i  ':.<r\..s''.\.  ">..:.;  ,<i  .iirk  nj-r.  rr.'BTish  re»i :  but 
>  :■.    •-■Vj^r   --ATis*:  ■•:      ■    :•  .v.": ■.-..■.:. ^    ".•  e*-/.;r  -wiih    .  xy^rri^     This 
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Though  not  crystallizable   itself,  hapinatin  forms  with   hycL 
chloric  acid  a  compound,  occurring  in  minute   rhombic  njt  i  ■      ^j, 
known  as  hiemin  crystals. 

When  blood  is  left  until  it  decomposes,  the  haemoglobin  is  v 
apt  to  become  changed  into  a  peculiar  body  known  as  methi 
globin,  in  the  spectrum  of  which  a  very  conspicuous  band  is 
in  the  red  between  C  and  D  (see  Fig.  76,  4).     The  same  chai 
may  be   brought   about  by  the   action   of  weak  acids,  such, 
carbonic  acid,  by  ozone,  and  by  other  agents  such  as  nitrites 
potassium   permanganate.     When  a  stream  of  carbonic   aci( 
driven  through  blood  or  through  a  solution  of  haemoglobin 
band  in  the   red  characteristic  of  methaemoglobin  soon 
its  appearance.     Methsemoglobin  differs  but  little   if  at  all 
elementary  composition  from  haemoglobin;  it  is  maintained 
it  contains  the  same  quantity  of  oxygen  as  oxy-hsemoglobin 
in  a  more  stable  conoition,  more  intmfiately  associated  with 
molecule. 

In   conclusion,  the  condition  of  oxygen  in   the  blood  is  ^^ 

follows.     Of  the  whole  quantity  of  oxygen  in  the  blood,  only      t^he 
minute  fraction  is  simply  absorbed  or  dissolved  according  to  tf-  '^  <i  a 
law  of  pressures  (the  Henry-Dalton  law).     The  great  mass  is  in    -^^of 
state  of  combination  ^\ith  the  haemoglobin,  the  connection  being  c^^^  ::\ie 
such  a  kind  that  while  the  haemoglobin  readily  combines  with  th  ^^^js^ 
oxygen  of  the  air  to  which  it  is  exposed,  dissociation  readily  oocmC^^^  te 
at  low  pressures,  or  in  the  presence  of  indifferent  gases,  or  by  th^  ^^f^ 
action  of  substances  havinc^  a  greater  affinity  for  oxygen  than  has^^^^al 
haemoglobin  itself.     The  cufference  between   venous  and  arteriaJ--^  ^ 
blood,  as  far  as   oxygen  is  concerned,  is  that  while  in  arterialJ--^^! 
blood  the  haemoglobin  holds  nearly  its  full  complement  of  oxygen-^  ^^5 
and  may  be  spoken  of  as  nearly  wholly  oxyhaemoglobin,  in  venous^^'V-j 
blood  the  haemoglobin  is  to  a  large  but  variable  extent,  reduced  ;<     ^  jj 
and  the  characteristic  colours  of  venous  and  arterial  blood  are  inX^-?  • 
the  main  due  to  the  fact  that  the  colour  of  reduced  haemoglobin^^ ^ 
is  purple,  while  that  of  oxyhaemoglobin  is  scarlet 

The  relations  oft/ie  Carbonic  Acid  in  the  Blood. 

§  352.     The  presence  of  carbonic  acid  in  the  blood  appears  to-^     J 
be  determined  by  conditions  more  complex  in  their  nature  and  at^*^^^ 
present   not  so  well  understood   as  those  which   determine  th^*-^^^ 
presence  of  oxygen.     The  carbonic  acid  is  not  simply  dissolved  ir*'-^  ^^ 
the  blood ;  its  absorption  by  blood  does  not  follow  the  law  ^>^^^^  ? 
pressures.     It  exists  in  association  with  some  substance  or  sub^^^  ^' 
stances  in  the  blood,  and  its  escape  from  the  blood  is  a  process  o^^^-^^V 
dissociation.     We  cannot  however  speak  of  it  as  being  associatec^'^^ 
to  the  same  extent  as  is  the  oxygen,  with  the  haemoglobin  of  th* 
red  corpuscles.     So  far  from  the  red  corpuscles  containinfi^  th^ 
great  mass  of  the  carbonic  acid,  the  quantity  of  this  gas  which  '"^ 
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esent  in  a  volume  of  serum  is  according  to  some  observers 
tually  greater  than  that  which  is  present  m  an  equal  volume  of 
ood,  i,e.  an  equal  volume  of  mixed  corpuscles  and  serum ;  that  is 

say,  the  carbonic  acid  is  much  more  largely  associated  with  the 
mm  (or,  in  the  living  blood,  with  the  plasma)  than  with  the  red 
rpuscles. 

When  serum  is  subjected  to  the  action  of  the  mercurial  pump, 
'  fiur  the  greater  part  of  the  carbonic  acid  is  given  off;  but  a 
lall  additional  quantity  (2  to  5  vola  per  cent.)  may  be  extracted 
'  the  subsequent  addition  of  an  acid.     This  latter  portion  may 

spoken  of  as  '  fixed '  carbonic  acid  in  distinction  to  the  larger 
308e '  portion  which  is  given  off  to  the  vacuum.  When  however 
e  whole  blood  is  subjected  to  the  vacuum  until  the  carbonic 
id  ceases  to  be  given  off,  the  subsequent  addition  of  acid  is 
id  not  to  set  free  any  further  quantity ;  so  that  when  serum  is 
Lxed  with  corpuscles  all  the  carbonic  acid  may  be  spoken  of 

'loose';  and  it  is  stated  that  the  excess  of  carbonic  acid  in 
quantity  of  serum  over  that  present  in  the  same  bulk  of  entire 
Dod^  corresponds  to  the  fixed  portion  in  serum  which  has  to 

driven  off  by  an  acid.  Moreover,  even  those  who  maintain 
at  the  quantity  of  carbonic  acid  in  entire  blood  is  less  than  that 

an  equal  volume  of  serum,  admit  that  the  carbonic  acid  exists 
some  way  or  other  at  a  higher  pressure  in,  and  is  more  readily 
iren  off  from  entire  blood  than  from  serum. 

If  these  statements  be  accepted  it  seems  probable  that  the 
rbonic  acid  exists  associated  with  some  substance  or  substances 
the  serum,  or  rather  plasma,  but  that  the  conditions  of  its 
iociation  (and  therefore  of  its  dissociation)  are  determined  by 
3  action  of  some  substance  or  substances  present  in  the  cor- 
scles.  It  has  been  suggested  that  the  association  of  the 
rbonic  acid  in  the  plasma  is  with  one  or  other  of  the  proteids 
the  plasma ;  but  it  has  also  been  suggested  that  the  association 
one  with  sodium  as  sodium  bicarbonate,  and  further  that  the 
^moelobin  of  the  corpuscles  plays  a  part  in  promoting  the 
ssociation  of  the  sodium  bicarbonate  or  even  the  carbonate, 
d  thus  keeping  up  the  carbonic  acid  of  the  entire  blood.  Other 
•^servers  however  maintain  that  the  plasma  does  not  hold  this 
elusive  possession  of  the  carbonic  acid,  but  that  a  considerable 
lantity  of  this  gas  is  in  some  way  associated  with  the  red 
rpuscles.  Inde^  further  investigations  are  necessary  before  the 
atter  can  be  said  to  have  been  placed  on  a  satisfactory  footing. 

The  relationa  of  the  Nitrogen  in  the  Blood, 

§  363.  The  small  quantity  of  this  gas  which  is  present  in  both 
■^rial  and  venous  blood  seems  to  exist  in  a  state  of  simple  solu- 


SEC.  5.    THE   RESPIRATORY   CHANGES  IN  THE  LUN^<:^KS. 

The  Entrance  of  Oxygen. 

§  364     We   have   already   seen    that   the   blood   in   passi 

throucfh  the  lungs  takes  up  a  certain  variable  quantity  (fix)m  8 

12  vols,  p.e.)  of  oxygen.     We  have  further  seen  that  the  quantise 
so  taken  up,  putting  aside  the  insignificant  fraction  simply  absorb^ 
enters  into  direct  but  loose  combination  with  the   haemoglob^^*^^ 
In  drawing  a  distinction  between  the  oxygen  simply  absorb^^^^^^ 
and   that   entering  into   combination   with   the   hsemos^lobin,  .       ^^s^nt 
must  not  be  understood  that  the  latter  is  wholly  independeic^  ^  ^ 
of  pressure.     On   the   contrary,  all  chemical  compounds  are  L-^     jj^^ 
vanous  degrees  subject  to  dissociation  at  certain  pressures  an^^^^nd 
temperatures ;  and  the  existence  of  the  somewhat  loose  compound  ^^  ,  ^f 
of  oxygen  and  haemoglobin  is  dependent  on  the  partial  pressure      ~ 

oxygen  in  the  atmosphere  to  which  the  haemoglobin  is  expose       

Not  only  will  a  solution  of  haemoglobin  or  a  quantity  of  blooc^'*-^^^ 
either  absorb  oxygen  and  thus  undergo  association  or  undergcr'^^^ 
dissociation  and  give  oflF  oxygen  according  as  the  partial  pressiSa'''*  ^ 
of  oxygen  in  the  atmosphere  to  which  it  is  exposed  is  high  or  low^^O  ^^^ 


but  also  the  amount  taken  up  or  given  off  will  depend  on  th^ 
degree  of  the  partial  pressure;  the  haemoglobin  as  we  have  seei^^^  ' 
may  be  partially  as  well  as  wholly  reduced.     The  law  howeve:^^  --. 
according  to  which  absorption  or  escape  thus  takes  place  is  V^^^>^^^^^u . 
different  from  that  observed  in  the  simple  absorption  of  oxyeen  b^^^   ^ 
liquids.    The  association  or  dissociation  is  further  especially  depen^^^  ^^' 
dent  on  temperature,  a  high  temperature  favouring  dissociation, '  '^^^    ^ 
that  at  a  high  temperature  less  oxygen  is  taken  up  than  would 
taken  up  (or,  as  the  case  may  be,  more  given  off  than  would 
given  off)  at  a  lower  temperature,  the  partial  pressure  of  tl 
oxygen  in  the  atmosphere  remaining  the  same. 

Moreover  in  the  blood  we  have  to  deal  not  with  haemoglobin 
in  simple  solution,  in  which  the  molecules  are  dispersed  uniformET 
through  the  solvent,  but  with  the  haemoglobin  segregated  in^ 
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miuute  isolated  masses,  bottled  up  as  it  were  in  the  individual 
corpuscles.     The  haemoglobin  of  each  corpuscle  is  separated  from 
its  fellows  by  a  layer,  thin  it  may  be  but  still  a  distinct  layer,  of 
colourless,  haemoglobinless  plasma.     As  the  corpuscle  makes  its 
way  through  the  narrow  capillary  paths  of  a  pulmonary  alveolus, 
it  is  separated  from  the  air  of  the  alveolus  by  a  thin  layer  of 
plasiDa  as  well  as  by  the  film   of  the   conjoined   capillary  and 
alveolar  walls ;   and  a  like  layer  of  plasma  separates  it  from  its 
fellows  as  it  journeys  in  company  with  them  through  the  wider 
passages  of  the  arteries  and  veins.     Through  this  layer  of  plasma, 
^hich  containing   no   haemoglobin   can   hold   oxygen  in   simple 
Solution  only,  the  oxygen  has  to  pass  on  its  way  to  and  from  the 
^^rpuscle  ;  and  every  corpuscle  may  be  considered  as  governing,  as 
f^f  as  oxygen  is  concerned,  a  zone  of  plasma  immediately  surround- 
ing itself.     The  corpuscle  takes  its  oxygen  directly  from  this  zone 
^nd  gives  up  its  oxygen  directly  to  this  zone ;  and  the  pressure  at 
^liich  at  any  moment  the  oxygen  exists  in  this  zone  will  depend 
^^  the  pressure  of  oxygen  outside  the  zone,  in  the  air  of  the 
J^Xilmonary  alveolus  for  instance,  and  on  the  smaller  or  greater 
^tnoimt  of  oxygen  associated  with  the  haemoglobin  of  the  cor- 
l^^scle. 

The  film  of  the  conjoined  capillary  and  alveolar  wall  is  a  thin 
^embijine  soaked  with  lymph  and  wet;  we  cannot  speak  of  it 
^^  actually  secreting  a  liquid  secretion  into  the  alveolus,  for  the 
^^vity  of  the  alveolus  is  filled  with  air  which,  though  saturated 
'With  moisture,  is  air,  not  a  liquid ;  still  enough  passes  through 
t.lie  film  to  keep  it  continually  moist.  Through  this  film  the 
^c^xygen  has  to  make  its  way  in  order  to  gain  access  to  the  plasma 
^nd  so  to  the  corpuscle ;  it  makes  its  way  dissolved  in  the  fluid, 
t:hat  is  the  Ijrmph,  which  keeps  the  film  moist.  This  film  more- 
over is  composed  of  living  matter,  and  the  considerations  which 
^  little  while  back  (§  312)  we  urged  concerning  the  diffusion 
tihrough  a  living  membrane  of  solid  substances  in  solution,  hold 
good  also  for  the  diffusion  of  gases  in  solution. 

We  have  now  to  consider  the  question,  Are  the  conditions  in 
"^which  haemoglobin  and  oxygen  exist  in  ordinary  venous  blood  as 
it  flows  to  the  lungs,  of  such  a  kind  that  the  venous  blood  in 
passing  through  the  pulmonary  capillaries  will  find  the  partial 
pressure  of  the  oxygen  in  the  pulmonary  alveoli  suflScient  to  bring 
fitbout  the  association  of  the  additional  quantity  of  oxygen  whereby 
tile  venous  is  converted  into  arterial  blood  ? 

We  may  say  at  once  that  we  have,  at  present  at  all  events,  no 

satisfectory  evidence  that  the  film  spoken  of  above  exerts   any 

i^uence,  as  a  living  film,  on  the  entrance  of  oxygen  from  the 

alveolus  into  the  blood.     Nor  have  we  any  evidence  that  as  a 

'"ere  membrane   or  septum  it  exerts  any  such  influence;   the 

^^ycen  appears  to  pass  into  the  blood  in  the  same  way  that  it 

^'''ouicl^  if  the  blood  were  finely  exposed  without  any  intervening 
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partition  to  the  alveolar  air.  Further,  the  evidence,  so  far  as  i1 
goes,  seems  to  shew  that  blood  absorbs  oxygen  in  the  same  waj 
as  an  aqueous  solution  of  haemoglobin  of  the  same  concentration 
the  zone  of  plasma  spoken  of  above  as  surrounding  each  corpuscl< 
behaves  as  far  as  regards  the  passage  of  oxygen  to  and  from  ihi 
corpuscles  in  no  essentially  diflferent  respect  fix)m  the  way  th< 
molecules  of  water,  belonging  to  a  molecule  of  dissolved  hsemo 
globin,  behave  in  regard  to  the  absorption  or  the  giving-off  o 
oxygen  by  an  aqueous  solution  of  haemoglobin. 

§  366.  In  man,  as  we  have  seen,  expired  air  contains  aboui 
16  p.c.  of  oxygen.  The  air  in  the  pulmonary  alveoli  must  contaii 
less  than  this,  since  the  expired  air  consists  of  tidal  air  mixec 
by  difiusion  with  the  stationary  air.  How  much  less  it  contain/ 
we  do  not  exactly  know,  but  probably  the  difference  is  not  veij 
great.  At  the  ordinary  atmospheric  pressure  of  760  mm.  16  p.c 
is  equivalent  to  a  partial  pressure  of  122  mm.  The  questioi 
therefore  stands  thus,  Will  venous  blood,  exposed  at  the  tempe- 
rature of  the  body  to  a  partial  pressure  of  less  than  122  mm 
(less  than  16  p.c.)  of  oxygen  take  up  sufficient  oxygen  (from  8 
to  12  vols.  p.c.)  to  convert  it  into  arterial  blood?  Numerous 
experiments  have  been  made  (chiefly  but  not  exclusively  on  the 
dog)  to  determine  on  the  one  hand  the  oxygen-pressure  of  both 
arterial  and  venous  blood  (i.e,  the  partial  pressure  of  oxj'gen  in 
an  atmosphere  exposed  to  which  the  arterial  blood  neither  givet 
up  nor  takes  in  oxygen,  and  the  same  for  venous  blood),  and  oh 
the  other  hand  the  behaviour  at  the  temperature  of  the  body  or  aj 
ordinary  temperatures  of  blood  or  of  solutions  of  haemoglobin  (fo« 
the  two  as  we  have  just  said  behave  in  this  respect  very  mucF 
alike)  towards  an  atmosphere  in  which  the  partial  pressure  c: 
oxygen  is  made  to  vary.  Without  going  into  detail,  we  may  state: 
that  these  experiments  shew  that  the  partial  pressure  of  oxyge  ^ 
in  the  lungs  is  amply  sufficient  to  bring  about,  at  the  temperatun 
of  the  body,  the  association  of  that  additional  amount  of  oxyge** 
by  which  venous  blood  becomes  arterial.  When  a  solution  (m 
haemoglobin  or  when  blood  is  successively  exposed  to  increasiur 
oxygen  pressures,  as  the  partial  pressure  of  oxygen  is  gradual! 
increased,  the  cur\'e  of  absorption  rises  at  first  very  rapidly  bu* 
afterwards  more  slowly;  that  is  to  say,  the  later  additions  • 
oxygen  at  the  higher  pressures  are  proportionately  less  than  t\M 
earlier  ones  at  the  lower  pressures.  And  this  is  consonant  vdr 
what  appears  to  be  the  fact  that  the  haemoglobin  of  arterial  bloo* 
though  nearly  saturated  with  oxygen,  i.e.  associated  with  almoc: 
its  full  complement  of  oxygen,  is  not  quite  saturated.  Wh^ 
arterial  blood  is  thoroughly  exposed  to  air  it  takes  up  rather  mo^ 
than  1  vol.  p.c.  of  oxygen ;  and  that  appears  to  represent  tC 
difference  between  exposing  blood  to  pure  air,  such  as  enters 
ought  to  enter  the  mouth  in  inspiration,  and  exposing  blood  to  tC 
air  as  it  exists  in  the  pulmonary  alveolL     The  greater  relati'^ 
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&l>8orption  at  the  lower  pressures  has  a  beneficial  effect  in  as  much 
fifc^  it  still  permits  a  considerable  quantity  of  oxygen  to  be  absorbed 
^  "^i^^n  when  the  partial  pressure  of  oxygen  in  the  air  in  the  lungs  is 
l^^:»gely  reduced,  as  in  ascending  to  great  heights. 

Observations  made  both  with  dog  s  blood  and  ox's  blood  seem 
^:>  shew  that  arterial  blood  ceases  to  take  up  oxygen  and  begins  to 
^-^e  oflf  oxygen,  in  other  words,  that  dissociation  begins  to  take 
suje,  when  the  partial  pressure  of  the  oxygen  in  the  atmosphere 
^"^^^^  which  it  is  exposed  sinks  to  about  60  mm.  of  mercury,  that  is 
t-^Cfc  say,  when  the  whole  atmospheric  pressure  is  reduced  from 
;  ^30  mm.  to  about  300  mm.  or  when  the  percentage  of  oxygen 
^^*^^  the  atmosphere  is  reduced  by  decidedly  more  than  half  And 
^^^is  accords  with  the  observation  that,  in  man,  when  the  oxygen 
inspired  air  is  gradually  diminished,  without  any  other  change 
the  air,  s3rmptoms  of  dyspnoea  do  not  make  their  appearance 
itil  the  oxygen  sinks  to  10  p.c.  in  the  inspired  air  and  must 
*^«^erefore  be  less  than  this  in  the  pulmonary  alveoli.  We  may 
^^mark  that  at  ordinary  altitudes,  even  taking  into  account  the 
'^^minution  the  oxygen  undergoes  before  it  reaches  the  pulmonary 
^J-veoli,  the  partial  pressure  of  the  oxygen  in  the  atmosphere 
•^^^ves  a  wide  margin  of  safety.  But  at  an  altitude  of  5500 
^^etres  (17000  feet)  at  which  the  pressure  of  the  whole  atmo- 
^J)here  stands  at  about  the  limit  given  above  of  300  mm.,  the 
T^^rtial  pressure  of  the  oxygen  will  be  such  that  the  venous  blood 
pi^nnot  take  up  the  quantity  of  oxygen  proper  to  convert  it 
^Xifco  arterial  blood,  since  at  this  limit  arterial  blood  begins  to 

five  off  oxygen.     We  may  add  that  it  is  at  this  altitude  that 
reathing  becomes  especially  diflScult,  but  to  this  we  shall  return. 
§  366.     The  statements  made  so  far  refer  to  ordinary  breathing, 
l>iit  the  question  may  be  asked,  What  happens  when  the  renewal 
of  the  air  in  the  pulmonary  alveoli  ceases,  as  when  the  trachea  is 
obstructed  ?     In  such  a  case  the  oxygen  in  the  alveoli  is  found  to 
^liminish  rapidly,  so  that  the  partial  pressure  of  oxygen  in  them 
Soon  falls  below  the  oxygen-pressure  of  ordinary  venous  blood, 
liut  in  such  a  case  the  blood  is  no  longer  ordinary  venous  blood ; 
instead  of  being  moderately,  it  is  largely  and  increasingly  reduced  ; 
iristead  of  containing  a  comparatively  small  amount,  it  contains  a 
l^wge  and  gradually  increasing  amount,  of  reduced  haemoglobin. 
And  as  the  reduction  continues  to  increase,  the  oxygen-pressure  of 
tlie  venous  blood  also  continues  to  decrease ;  it  thus  keeps  below 
t-hat  of  the  air  in  the  lungs.     Hence  apparently  even  the  last 
traces  of  oxygen  in  the  lungs  may  be  taken  up  by  the  blood,  and 
^^^^rried  away  to  the  tissues. 

The  Exit  of  Carbonic  Acid. 

§  367.     It  seems  natural  to  suppose  that  the  carbonic  acid 
"^ould  escape  by  diffusion  from  the  blood  of  the  alveolar  capillaries 
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into  the  air  of  the  alveoli  But  in  order  that  diffusion  sho 
thus  take  place,  the  carbonic  acid  pressure  of  the  air  in 
pulmonary  alveoli  must  always  be  less  than  that  of  the  ver^. 
blood  of  the  pulmonary  artery,  and  ought  not  to  exceed  that  of 
blood  of  the  pulmonary  vein.  There  are  however  many  pracbi.  ^*^ 
diflSculties  in  the  way  of  an  exact  determination  of  the  carbor^*^^ 
acid  pressure  of  the  pulmonary  alveoli  (for  though  it  must  "f 

greater  than  that  of  the  expired  air,  it  is  difficult  to  say  how  mi^^^^^ 
greater),  and  of  the  carbonic  acid  pressure  of  the  blood  at  the  sar  ^^^. 
time,  so  as  to  be  in  a  position  to  compare  the  one  with  the  oth^  ^V  2, 
In  the  case  of  oxygen,  there  is  always  present  in  the  lungs     ^^^\ 
surplus  of  the  gas,  a  portion  only  being  absorbed  at  each  breatl^  *^otx 
in  the  case  of  carbonic  acid,  the  whole  quantity  comes  direct  fro^^^*\\! 
the  blood,  and  any  modifications  in  breathing  seriously  affect  th^"*;^-' r 
amount  given  out.     Thus  when  the  breath  is  held  for  some  tim  j 
the  percentage  of  carbonic  acid  in  the  expii-ed  air  reaches  7  or  • 
p.c,  but  we  cannot  take  this  as  a  measure  of  the  normal  percentage 
of  carbonic   acid   in   the  pulmonary  alveoli,  since  by  the  mer**^ 
holding  of  the  breath  the  carbonic  acid  in  the  blood  and  hence  irc  ^     ^ 
the  pulmonary  alveoli  is  increased  beyond  the  normal. 

The  difficulties  of  the  problem  seem  however  to  have  beert'^^ 
overcome  by  an  ingenious  experiment  in  which  there  is  introducer>^^*^ 
into  the  bronchus  of  the  lung  of  a  dog  a  catheter,  round  which  i»x  -^ 
arranged  a  small  bag;  by  the  inflation  of  this  bag  the  bronchusfe*-*^-* 
whenever  desired,  can  be  completely  blocked  up.  Thus,  withour 
any  marked  disturbance  of  the  general  breathing,  and  therefore 
without  any  marked  change  in  the  normal  proportions  of  th^xJ-^ 
gases  of  the  blood,  the  experimenter  is  able  to  stop  the  ingresJr*  ■^^^ 
of  fresh  air  into  a  limited  portion  of  the  lung.  At  the  sanvjrx:*: 
time  he  is  enabled  by  means  of  the  catheter  to  withdraw  t 
sample  of  the  air  of  the  same  limited  portion,  and  by  analysii^=^^« 
to  determine  the  amount  of  carbonic  acid  which  it  contains  .x]^^^ 
or  in  other  words,  the  partial  pressure  of  the  carbonic  acic^JCLJd 
The  blood  passing  through  the  alveolar  capillaries  of  this  limite:rE::^-eci 
portion  of  the  lung  naturally  possesses  the  same  carbonic  acii  -^^ 
pressure  as  the  rest  of  the  venous  blood  flowing  through  th^*:^^* 
pulmonary  artery,  a  pressure  which,  though  varying  slightlT  ^1 
from  moment  to  moment,  will  maintain  a  normal  average.  Of' 
the  supposition  that  carbonic  acid  passes  simply  by  diffusicr 
from  the  pulmonary  blood  into  the  air  of  the  alveoli,  because  t 
carbonic  acid  pressure  of  the  latter  is  normally  lower  than  that 
the  former,  one  would  expect  to  find  that  the  air  in  the  occlud 
portion  of  the  lung  would  continue  to  take  up  carbonic  ac 
imtil  an  equilibrium  was  established  between  it  and  the  carbon 
acid  pressure  of  the  venous  blood.  Consequently,  if  after 
occlusion,  say  of  sonie  minutes  (by  which  time  the  equilibriu 
might  fairly  be  assumed  to  have  been  established),  the  carbon^ 
acid  pressure  of  the  air  of  the  occluded  portion  were  determined,      ^  ^ 
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neht  to  be  found  to  be  equal  to,  and  not  more  than  equal  to,  the 
3inx>nic  acid  pressure  of  the  venous  blood  of  the  pulmonary  artery, 
knd  this  is  the  result  which  has  been  arrived  at ;  it  has  been 
3und  that  the  pressures  of  the  carbonic  acid  of  the  occluded  air 
nd  of  the  venous  blood  of  the  right  side  of  the  heart  are  just 
bout  equal.  Hence  the  evidence  so  &r  as  it  goes  is  distinctly  in 
ftvour  of  the  view  that  the  escape  of  carbonic  acid  from  the  blood 
ito  the  pulmonary  alveoli  is  simply  due  to  difiusion,  and  that 
here  is  no  need  to  seek  for  any  further  explanation.  There  is, 
B  fisur  as  we  can  see  at  present  at  all  events,  no  necessity,  any 
nore  than  in  the  case  of  oxygen,  to  suppose  that  the  wall  of 
he  pulmonary  alveoli  has  any  specific  secretory  power  of  dis- 
liarging  carbonic  acid  from  the  blood  independently  of  or  in 
ntitf^omsm  to  the  influence  of  pressures,  or  that  it  exerts  any 
pecial  influence  at  all  as  a  diffusion  septuna. 

There  are  some  facts  which  seem  to  suggest  that  the  exit  of 
Brbonic  acid  from  the  blood  is  assisted  by  the  simultaneous 
ntrance  of  oxygen,  but  this  is  not  definitely  proved.  If  such  an 
id  is  given,  it  is  probably  brought  about  by  the  change  in  the 
L^moglobin  in  some  indirect  way  raising  the  pressure  of  the 
arbonic  acid  in  the  blood. 

As  fieur  then  as  can  be  seen  at  present,  both  the  entrance  of 
'xygen  and  the  exit  of  carbonic  acid  by  which  venous  blood  is 
onverted  into  arterial  are  the  simple  physical  results  of  the 
sposure  of  the  blood  in  the  pulmonary  capillary  to  the  air  of 
lie  pulmonary  alveolL 
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SEC.  6.     THE  RESPIRATORY  CHANGES  IN  THE  TIJ 

§  358.  In  passing  through  the  several  tissues  the  arteri^-^^^^^ 
blood  becomes  once  more  venous.  The  oxyhaemoglobin  become^  ^^ij^^ 
considerably  reduced,  and  a  quantity  of  carbonic  acid  passes  bov^^f^^^  ^ 
the  tissues  into  the  blood.  The  amount  of  change  varies  i^-^  ^^::^^^\ 
the  various  tissues,  and  in  the  same  tissue  may  vaiy  at  differen'X*^''^ 
times.  Thus  in  a  gland  at  rest,  as  we  have  seen,  the  venoitt-^^^-^^ 
blood  is  dark,  shewing  that  the  haemoglobin  is  to  a  large  extent  ^^^^"^^ 
in  the  reduced  condition ;  when  the  gland  is  active,  the  venouaX^^^^^^ 
blood  in  its  colour,  and  in  the  extent  to  which  the  haBmo-o-^^^*^ 
globin  is  in  the  condition  of  oxyha^moglobin,  resembles  cloaeljrX 
arterial  blood.  The  blood  therefore  which  issues  from  a  glano-^ 
at  rest  is  more  '  venous '  than  that  from  an  active  gland ;  thougtt'Sl''^^ 
owing  to  the  more  rapid  flow  of  blood  which,  as  we  saw  in  aiK-^  * 
earlier  section,  accompanies  the  activity  of  the  gland,  the  tota^T'^^^^ 
quantity  of  oxygen  taken  up  from  and  of  carbonic  acid 
into  the  blood  from  the  gland  in  a  given  time  may  be 
in  the  latter.  The  blood,  on  the  other  hand,  which  comes 
an  active,  i.e,  a  contracting  muscle,  is,  in  spite  of  the  morr^^^>-ori 
rapid  flow,  not  only  richer  in  carbonic  acid,  but  also,  though  noo-^^^ol 
to  a  corresponding  amount,  poorer  in  oxygen  than  the  blood  whic'^:>-^-*^ch 
flows  from  a  muscle  at  rest. 

In  all  those  cases  the  great  question  which  comes  up  for  om^^^^out 
consideration  Ls  this :  Does  the  oxygen  pass  from  the  blood  into  thdT-:^  the 
tissues,  and  does  the  oxidation  take  place  in  the  tissues,  giving  ri»  "^ 
to  carbonic  acid,  which  passes  in  turn  away  from  the  tissues  int'. 
the  blood  ?  or  do  certain  oxidizable  reducing  substances  pass  fro'* 
the  tissues  into  the  blood,  and  there  become  oxidized  into  carbon^::^'*^^ 
acid  and  other  products,  so  that  the  chief  oxidation  takes  place  '        —  ^^ 
the  blood  itself  ^ 

There  are,  it  Ls  true,  reducing  oxidizable  substances  in  tC^^^^^^ 
blood,  but  these  are  small  in  amount,  and  the  quantity  of  carbon^^'i* 
acid  to  which  they  give  rise  when  the  blood  containing  them  ^ 

agitated  with  air  or  oxygen,  is  so  small  as  scarcely  to  exceed  t' 
errors  of  obser\'ation. 
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n  the  other  hand,  it  will  be  remembered  that  in  speaking  of 
le,  we  drew  attention  (§  61)  to  the  fact  that  a  frogs  muscle 
v^ed  fix)m  the  body  (and  the  same  is  true  of  the  muscles  of 

animals)  contains  no  free  oxygen  whatever;  none  can  be 
ned  from  it  by  the  mercurial  air-pump.  Yet  such  a  muscle 
not  only  when  at  rest  go  on  producmg  smd  discharging  a 
in  quantity,  but  also  when  it  contracts  evolve  a  very  con- 
ible  quantity,  of  carbonic  acid.  Moreover  this  discharge  of 
>nic  acid  will  go  on  for  a  certain  time  in  muscles  under 
mstances  in  which  it  is  impossible  for  them  to  obtain  oxygen 
without.  Oxygen,  it  is  true,  is  necessary  for  the  life  of  the 
le :  when  venous  instead  of  arterial  blood  is  sent  through  the 
[  vessels  of  a  muscle,  the  irritability  speedily  disappears,  and 
is  fresh  oxygen  be  administered  the  muscle  soon  dies.  The 
ie  may  however,  during  the  interval  in  which  irritability  is 
retained  after  the  supply  of  oxygen  has  been  cut  off,  continue  to 
act  vigorously.  The  supply  of  oxygen,  though  necessary  for 
naintenance  of  irritability,  is  not  necessary  for  the  mani/esta' 
)f  that  irritability,  is  not  necessary  for  that  explosive  decom- 
ion  which  developes  a  contraction.  A  frogs  muscle  will 
nue  to  contract  and  to  produce  carbonic  acid  in  an  atmo- 
•e  of  hydrogen  or  nitrogen,  that  is,  in  the  total  absence  of 
3xygen  both  from  itself  smd  from  the  medium  in  which  it  is 
d. 

"hus  on  the  one  hand  the  muscle  seems  to  have  the  property 
king  up  and  fixing  in  some  way  or  other  the  oxygen  to  which 

exposed,  of  stormg  it  up  in  its  own  substance  in  such  a 
:tion  that  it  cannot  be  removed  by  simple  diminished  pressure 
lat  the  pressure  of  oxygen  in  the  muscular  substance  may  be 
dered  as  alwaj^  nil),  and  yet  has  not  entered  into  any  distinct 
ination  which  we  can  speak  of  as  an  oxidation,  but  is  still 
Bible  for  such  a  purpose.  The  idea  has  been  put  forward  that 
>xygen  in  this  condition  is  physically  attached  to  and  lies 
een  the  molecules  of  the  muscular  substance  without  being 
ically  combined  with  them,  and  hence  has  been  spoken  of  as 
a-molecular  "  oxygen  ;  but  we  have  no  exact  knowledge  as  to 
its  condition  really  is  at  this  stage.  On  the  other  hand  the 
tilar  substance  is  always  undergoing  a  decomposition  of  such 
ad  that  carbonic  acid  is  set  u-ee,  sometimes,  as  when  the 
ie  is  at  rest,  in  small,  sometimes,  as  during  a  contraction,  in 
I  quantities.  The  oxygen  present  in  this  carbonic  acid,  as  an 
ition  product,  comes  from  the  previously  existing  store  of 
h  we  have  just  spoken.  The  oxygen  taken  in  by  the  muscle, 
tever  be  its  exact  condition  immediately  upon  its  entrance 

the  muscular  substance,  in  the  phase  which  has  been  called 
ra-molecular,'  sooner  or  later  enters  into  a  combination,  or 
laps  we  should  rather  say,  enters  into  a  series  of  combinations, 
have  previously  urged  (§  30)  that  all  living  substance  may  be 

Zl—'l 
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regarded  as  meessa»tly  undergoing  changes  of  a  double  kinc 
changes  of  building  up  and  changes  of  breaking  down.  In  th 
end-products  of  the  breaking  down,  in  the  carbonic  acid  give) 
out  by  muscle  for  instance,  we  can  recognize  an  oxidation  product 
but  we  do  not  know  exactly  at  what  stage  or  exactly  in  wha 
way  the  oxygen  is  combined  with  the  carbon.  We  may  imagin 
that  the  oxygen,  as  it  comes  from  the  blood,  is  caught  up  so  t* 
speak  by,  and  disappears  in,  the  building  up  processes  (forming 
possibly  at  the  very  beginning,  with  some  constituent  of  th- 
muscular  substance  a  combination  like  to  but  firmer  and  mor 
stable  than  its  combination  with  luemoglobin)  and  that  througl 
those  processes  it  is  made  part  of  complex  decomposable  siio 
stances  whose  decomposition  ultimately  gives  rise  to  the  carbon! 
acid ;  but,  as  far  as  actual  knowledge  goes,  we  cannot  as  yet  trac 
out  the  steps  taken  by  the  oxygen  from  the  moment  it  slips  frt>E 
the  blood  mto  the  muscular  substance  to  the  moment  when  i 
issues  united  with  carbon  as  carbonic  acid.  The  whole  myster 
of  life  lies  hidden  in  the  story  of  that  progress,  and  for  the  presen 
we  must  be  content  with  simply  knowing  the  beginning  and  th 
end. 

But  if  the  oxygen-pressure  of  the  muscular  tissue  be  thv 
always  nil,  oxygen  will  be  always  passing  over.  fix)m  the  bloo» 
corpuscles,  in  which  it  is  at  a  comparatively  high  pressure,  throug 
the  plasma,  through  the  capillary  walls,  the  lymph-spaces  and  t-S 
sareolemma,  into  the  muscular  substance,  and  as  soon  as  it  arriv^ 
there  will  be  in  some  manner  or  other  hidden  away,  leaving  tF 
oxygen-pressure  of  the  muscular  substance  once  more  nil.  Coc 
versely,  the  carbonic  acid  produced  by  the  decomposition  of  t\: 
muscular  substance  will  tend  to  raise  the  carbonic  acid  pressure 
the  muscle  until  it  exceeds  that  of  the  blood ;  whereupon  carbora 
acid  will  pass  fix)m  the  muscle  into  the  blood,  its  place  in  tc 
muscular  substance  being  supplied  by  freshly  generated  supplU 
There  will  always  in  fact  be  a  stream  of  oxygen  from  the  blood  - 
the  muscle  and  of  carbonic  acid  frx)m  the  muscle  to  the  blo»- 
The  respiration  of  the  muscle  then  does  not  consist  in  throwiS 
into  the  blood  oxidizable  substances,  there  to  be  oxidized  iis 
carbonic  acid  and  other  matters;  but  it  does  consist  in  tf 
assumption  and  storing  up  of  oxygen  somehow  or  other  in 
substance,  in  the  buildmg  up  by  help  of  that  oxygen  of  explos^ 
decomposable  substances,  and  in  the  carrying  out  of  decompositi^ 
whereby  carbonic  acid  and  other  matters  are  discharged  first  i 
the  substance  of  the  muscle  and  subsequently  into  the  blood. 

§  369.  Our  knowledge  of  the  respiratory  changes  in  muscL 
more  complete  than  in  the  case  of  any  other  tissue ;  but  we  have 
reason  to  suppose  that  the  phenomena  of  muscle  are  exceptio 
On  the  contrary,  all  the  available  evidence  eoes  to  shew  that  in 
tissues  the  oxidation  takes  place  in  the  tissue,  and  not  in  ^ 
adjoining  blood.    It  is  a  remarkable  fact,  that  lymph,  serous  flu  ^ 


Ohap.  il]  respiration.  581 

bile,  urine,  and  milk  contain  a  mere  trace  of  free  or  loosely 
combined  oxygen,  but  a  very  considerable  quantity  of  carbonic 
axnd.  And  we  may  probably  assert  with  safety  with  regard  to  all 
the  tissues  that  in  the  tissues  themselves,  in  the  lymph  which 
biithes  their  lymph-spaces,  and  in  the  secretions  which  some  of 
them  pour  forth  free  oxygen  is  either  wholly  absent  or  so  scanty 
that  their  oxygen-pressure  may  be  regarded  as  nil,  while  carbonic 
aeid  is  so  abundant  that  the  pressure  of  carbonic  acid  in  them 
rnay  be  regarded  as  exceeding  that  of  venous  blood.  An  excep- 
tion seems  to  be  presented  by  the  case  of  the  lymph  flowing  along 
the  lars^r  lymphatic  vessels,  for  in  this  the  amount  of  carbonic 
^cid,  while  usually  higher  than  that  of  arterial  blood,  is  lower 
than  that  of  the  general  venous  blood ;  but  this  probably  is  due 
t^:^  the  fact  that  the  lymph  in  its  passage  onwards  is  largely 
Exposed  to  arterial  blood  in  the  connective  tissues  and  in  the 
lymphatic  glands,  where  the  production  of  carbonic  acid  is  slight 
^^  compared  to  that  going  on  in  muscles.  All  the  facts  point  to 
"^he  conclusion,  that  it  is  the  tissues,  and  not  the  blood,  which 
^Hicome  primarily  loaded  with  carbonic  acid,  the  latter  simply 
^Xiceiving  the  gas  from  the  fonner  by  diffusion,  except  the  (pro- 
tfcably)  small  quantity  which  results  from  the  metabolism  of  the 
tfclood-corpuscles ;  and  that  the  oxygen  which  passes  from  the 
t>lood  into  the  tissues  is  at  once  taken  up  and  placed  under  such 
Conditions  that  it  is  no  longer  removable  by  diminished  pressure. 

In  further  support  of  this  view  may  be  urged  the  fact  that  if,  in 
-^  frog,  the  whole  olood  of  the  body  be  replaced  by  normal  saline 
*4olution,  the  total  metabolism  of  the  body  is,  for  some  time, 
Xtnchaneed.  The  saline  medium  is  able  owing  to  the  low  rate  of 
^Hetabousm,  and  large  (cutaneous)  respiratory  surface  of  the 
Animal,  to  supply  the  tissues  with  all  the  oxygen  they  need,  and  to 
**einove  all  the  carbonic  acid  they  produce.  It  is  diflBcult  to 
l)elieve  that,  in  such  an  experiment,  the  oxidation  took  place  in 
the  saline  solution  itself  while  circulating  in  the  blood  vessels  and 
tissue-spaces  of  the  animal. 

We  may  add,  that  the  oxidative  power  which  the  blood  itself 
removed  from  the  body  is  able  to  exert  on  substances  which  arc 
"Undoubtedly  oxidized  in  the  body  is  so  small   that  it  may  be 
neglected  in  the  present  considerations.     If  grape-sugar  be  added 
to  blood,  or  to  a  solution  of  haemoglobin,  the  mixture  may  be  kept 
for  a  long  time  at  the  temperature  of  the  body,  without  undergoing 
oxidation.     Even  within  the  body  a  slight  excess  of  sugar  in  the 
blood  over  a  certain  percentage  wholly  escapes  oxidation,  and  is 
<liachareed  unchanged.     Many  easily  oxidized  substances,  such  as 
pyrogallic  acid,  pass  largely  througn  the  blood  of  a  living  body 
and  are  discharged  in  the  urine  without  being  oxidized ;  though 
pcfliaps  in  some  of  these  cases,  what  appears  to  be  an  absence  of 
<^ridation  is  really  an  oxidation  followed  by  a  subsequent  equiva- 
lent reduction  taking  place  in  the  urine  or  elsewhere.    The  organic 
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acids,  such  as  citric,  even  in  combination  with  alkaline  bases,  are 
only  partially  oxidized;  when  administered  as  acids,  and  not  as 
salts,  they  are  hardly  oxidized  at  all.  It  is  of  course  quite-sE^  ctte 
possible  that  the  changes  which  the  blood  undergoes  when  shedE>^3e(l 
might  interfere  with  its  oxidative  action,  and  hence  the  fact  thatt'.j^^at 
shed  blood  has  little  or  no  oxidizing  power,  is  not  a  satisfactoiyi^" j.  €)ry 
proof  that  the  unchanged  blood  within  the  living  vessels  may  not^<=^  .ciot 
have  such  a  power.  But  did  oxidation  take  place  largely  in  thE^^cf  ;:»hc 
blood  itself,  one  would  expect  even  highly  diffusible  substances  to^  a  t< 
be  oxidized  in  their  transit ;  whereas  u  we  suppose  the  oxidationic^z^-fio: 
to  take  place  in  the  tissues,  it  becomes  intelligible  why  suchl^>juic 
diffusible  substances  as  those  which  the  tissues  in  general  refus^^^xLr*u< 
to  take  up  largely,  should  readily  pass  unchanged  from  the  blooc>ooo( 
through  the  excreting  organs. 

We  have  seen  that  in  muscle  the  production  of  carbonic  aciox^>^cBC 
is  not  directly  dependent  on  the  consumption  of  oxygen.     Th^rfTTl 
muscle  produces  carbonic  acid  in  an  atmosphere  of  hydrogen.   Whaj3x:f  ^h 
13  true  of  muscle  is  true  also  of  other  tissues  and  of  the  bod^£x>co< 
at  large.     It  was  shewn  long  ago  that  animals  might  continwr^M^K^Jn 
to  breathe  out  carbonic  acia  in  an  atmosphere  of  nitrogen  oo        mi 
hydrogen ;  and  this  has   more  recently  been  illustrated  by  thrf  :*"      tl 
remarkable  experiment,  that  a  frog  kept  at  a  low  temperaturxx^dtui 
will   live   for  several   hours,  and   continue   to  produce   carbonr-cj<:>ou 
acid,  in  an  atmosphere  absolutely  free  from  oxygen.     The  carbonrxx<z>oni 
acid  produced  during  this  period  was  made  by  help  of  the  oxyges>'^i^'ge 
inspired  in  the  hours  anterior  to  the  commencement  of  the  er:^       ex 
periment.     The  oxygen  then  absorbed  was  stowed  away  from  ttCit'      tbi 
hffimo^lobin  into  the  tissues,  it  was  made  use  of  to  build  up  tH^      the 
explosive  compounds,  whose  explosions  later  on  gave  rise  to  tiK:^     the 
carbonic  acid.     Or,  to  adopt  a  simile  which  has  been  suggeste^^  ^  ^, 
the  oxygen  helps  to  wind  up  the  vital  clock ;  but  once  wound  r-P'    ^  vp 
the  clocK  will  go  on  for  a  period  without  further  winding.   The  frc^'-^x'T^^ 
will  continue  to  live,  to  move,  to  produce  carbonic  acid  for  a  whi-^^i/e 
without  any  fresh  oxygen,  as  we  know  of  old  it  will  without  aiK  -^^y 
fresh  food ;  it  will  continue  to  do  so  till  the  explosive  oompoun*-^=-3rfs 
which  the  oxygen  built  up  are  exhausted;  it  will  go  on  till  tL  -li^Ac 
vital  clock  has  run  down. 

§  360.  To  sum  up,  then,  the  results  of  respiration  in  E^  ^ts 
chemical  aspects.  As  the  blood  passes  through  the  lungs,  the  Icr^w 
oxygen  pressure  of  the   venous  blood  permits  the  entrance  p^ 

oxygen  from  the  air  of  the  pulmonary  alveolus,  through  the  tl^^i*       | 
alveolar  wall,  through  the  thin  capillary  sheath,  through  the  th^  ^"^ 
layer  of  blood-plasma,  to   the   red   corpuscle,  and   the   reduc    -^^^ 
haemoglobin  of  the  venous  blood  becomes  wholly,  or  all  but  whoL       '^  -3 ' 
oxyhaemoglobin.     Hurried   to   the   tissues,  the   oxygen,  at  co — ^^*' 


paratively  high  pressure  in  the  arterial  blood,  passes  largely  ii— :^^  ^^ 
them.  In  the  tissues,  the  oxygen-pressure  is  always  kept  at  ^^" 
exceedingly  low  pitch,  by  the  fact  that  they,  in  some  way  ^ 
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present  unknown  to  us,  pack  away  at  every  moment  into  some 
table  combination  each  molecule  of  oxygen  which  they  receive 
rom  the  blood  With  its  oxyhsemoglobin  largely  but  not  wholly 
educed,  the  blood  passes  on  as  venous  blood.  To  what  extent 
he  hsemoelobin  is  reduced  will  depend  on  the  activity  of  the 
issue  itself.  The  quantity  of  hsBmoglobin  in  the  blood  is  the 
neasure  of  limit  of  the  oxidizing  power  of  the  body  at  large  ;  but 
nthin  that  limit  the  amount  of  oxidation  is  determined  by  the 
issue,  and  by  the  tissue  alone. 

We  cannot  trace  the  oxygen  through  its  sojourn  in  the  tissue. 
We  only  know  that  sooner  or  later  it  comes  back  combined  in 
aurbonic  acid  (and  other  matters  not  now  under  consideration). 
>wing  to  the  continual  production  of  carbonic  acid,  the  pressure 
)f  that  gas  in  the  extravascular  elements  of  the  tissue  is  always 
ligher  than  that  in  the  blood;  the  gas  accordingly  passes  from 
ihe  tissue  into  the  blood,  and  the  venous  blood  passes  on  not  only 
ndth  its  hsemoglobin  more  or  less  reduced,  i,e,  with  its  oxygen- 
[Nnessure  decreased,  but  also  with  its  carbonic  acid  pressure  in- 
creased. Arrived  at  the  lungs,  the  blood  finds  the  pulmonary 
ur  at  a  lower  carbonic  acid  pressure  than  itself  The  gas 
iccordingly  streams  through  the  thin  vascular  and  alveolar  walls 
intil  the  pressure  without  the  blood  vessel  is  equal  to  the 
wesBure  within.  At  the  same  time  the  blood  finds  in  the  air 
>f  the  pulmonary  alveoli  a  supply  of  oxygen,  more  than  adequate 
o  convert,  not  entirely  but  nearly  so,  the  reduced  haemoglobin 
)ack  again  to  oxyhsemoglobin.  Thus  the  air  of  the  pulmonary 
dveoli,  having  given  up  oxygen  to  the  blood  and  taken  up 
:arbonic  add  from  the  blood,  having  in  consequence  a  higher 
carbonic  acid  pressure  and  a  lower  oxygen  pressure  than  the  tidal 
lir  in  the  bronchial  passages,  mixes  rapidly  with  this  by  diffusion. 
rhe  mixture  is  further  assisted  by  ascending  and  descending 
coirents ;  and  the  tidal  air  issues  from  the  chest  at  the  breathing 
oat  poorer  in  oxygen  and  richer  in  carbonic  acid  than  the  tidal 
air  which  entered  at  the  breathing  in. 
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§  361.  Breathing  is  an  involuntary  act.  Though  the  diaphragnccrja-agi 
and  all  the  other  muscles  employed  in  respiration  are  voluntarj^"'X^^-dai 
muscles,  i,e.  muscles  which  can  be  called  into  action  by  a  direct" i>^>'*re< 
effort  of  the  will,  and  though  respiration  may  be  modified  withiExi-rfdihi 
very  wide  limits  by  the  will,  yet  we  habitually  breathe  without  th»  jJ^  ^ 
intervention  of  the  will :  the  normal  breathing  may  continue,  noto^^zK  m 
only  in  the  absence  of  consciousness,  but  even  after  the  removal  oo  X^  ' 
all  the  parts  of  the  brain  above  the  medulla  oblongata.  _    . 

We  have  already  seen  how  complicated  is  even  a  simple  respira  -*r  jlcoit! 
tory  act.      A  very  large  number  of  muscles  are  called  into  play^f^    ^  , 
Manv  of  these  are  very  far  apart  from  each  other,  such  as  th^-rf^  _  }^ 
diaphragm  and  the  nasal  muscles;  yet  they  act  in  harmoniouixJ^^^*^' 
sequence  in  point  of  time.     If  the  lower  intercostal  muscles  con-.c»^>^^^| 
tracted  before  the  scaleni,  or  if  the  diaphragm  contracted  altematelj^,^^^^. 
mth  the  other  chest-muscles,  the  satisfactory  entrance  and  exit  oo     *-^  ^ 
air  would  be  impossible.     These  muscles  moreover  are  coordinateo^^^^'^ 
also  in  respect  of  the  amount  of  their  several  contractions;  a  gentle  J^  A-*it] 
and  ordinary  contraction  of  the  diaphragm  is  accompanied  by  gentle  J^  *-*" 
and  ordinary  contractions  of  the  intercostals,  and  these  are  precedeo^^^""^ 
by  gentle  and  ordinary  contractions  of  the  scaleni.   A  forcible  covlm:^^^^^^ 
traction  of  the  scalem,  followed  by  simply  a  gentle  contraction  o*'^      -*-*  ^^ 
the  intercostals,  would  perhaps  hinder  rather  than  assist  inspiratioi 
and  at  all  events  would  be  waste  of  power.  Further,  the  whole  conL  ^ 
plex  inspiratory  effort  is  often  followed  by  a  less  marked  but  stiTi^*^' 
complex   expiratory  action.      It  is   impossible   that   all  these  s^         ^ 
carefully  coordinated   muscular  contractions  should   be   brouffhri'^5'^^ 
about  in  any  other  way  than   by  coordinate   nervous   impulse^^^^*^ 
descending  along  efferent   nerves   from   a  coordinating  nervo«:-^^'^* 
centre.     By  experiment  we  find  this  to  be  the  case.  _ 

When  in  a  rabbit  the  tnink  of  a  phrenic  nerve  is  cut,  the  dii 
phragm  on  that  side  remains  motionless,  and  respiration  goes  c   ^^_^ 
without  it.     When  both  nerves  are   cut,  the  whole  diaphragi^^^^^^^ 
remains   quiescent,   though   the   costal   respiration  becomes 
cessively  laboured. 
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When  an  intercostal  nerve  is  cut,  no  active  respiratory  move- 
mints  are  seen  in  the  intercostal  muscles  of  the  corresponding 
**pace,  and  when  the  spinal  cord  is  divided  below  the  origin  of  the 
**eventh  cervical  spinal  nerve,  that  is  below  the  exits  of  the  roots  of 
t He  phrenic  nerves,  costal  respiration  ceases,  though  the  diaphragm 
<--c>ntinue8  to  act, and  that  with  increased  vigour.    When  the  cordis 
^iivided  just  below  the  medulla,  all  thoracic  movements  cease,  but 
^hkd  respiratory  actions  of  the  nostrils  and  glottis  still  continue. 
-TTiese  however  disappear  when  the  facial  and  recurrent  laryngeal 
^* curves  are  divided.     We  have  already  stated  that  after  removal  of 
^  *Ve  brain  above  the  medulla,  respiration  still  continues  very  much 
usual,  the  modifications  which  ensue  from  the  loss  of  the  brain 
in?  unessential.     Hence,  putting  all  these   facts   together,  it 


^^  clear  that  the  respiratory  movements  are,  as  we  suggested, 
^^ught  about  by  coordinated  impulses  which,  developed  m  the 
^^^"^^ntml  nervous  system  and  starting  in  the  first  instance  in  the 
**  Medulla,  find  their  way  along  the  several  efferent  nerves.  The 
lr^"lt)of  is  completed  by  the  fact  that  the  removal  of  or  extensive 
^^^jury  to  the  medulla  alone  is,  save  in  exceptional  cases  which 
^e  will  discuss  presently,  at  once  followed  by  the  cessation  of 
ni  respiratory  movements,  even  though  the  rest  of  the  nervous 
^^'stem  including  every  muscle  and  every  nerve  concerned  be 
*^fl  intact.  Nay  more,  if  only  a  small  portion  of  the  medulla,  a 
^^iwt  whose  limits  have  not  been  clearly  defined,  but  which  may 
^^^  described  as  lying  below  the  vaso-motor  centre  in  the  im- 
^Xiediate  neighbourhood  of  the  nuclei  of  the  vagus  nerves,  be 
^>emoved  or  mjured,  respiration  ceases,  and  death  at  once  ensues. 
^Jence  this  portion  of  tne  nervous  system  was  called  by  Flourens 
^le  vital  knot,  or  ganglion  of  life, '  nosud  vital.*  We  shall  speak  of 
it  as  the  respiratory  centre, 

§  362.  The  nature  of  this  centre  must  be  exceedingly  complex ; 
ffbr  while  even  in  ordinary  respiration  it  gives  rise  to  a  whole  group  of 
c^oordinate  nervous  impulses  of  inspiration  followed  in  due  sequence 
V>y  a  smaller  but  still  coordinate  group  of  expiratory  impulses  of 
^Ln  antagonistic  nature,  in  laboured  respiration  fresh  and  larger 
i  vnpulses  are  generated,  though  still  in  coordination  with  the  normal 
^>ue8,  the  expiratory  events  being  especially  augmented;  and  in  the 
o^wes  of  more  extreme  dyspnoea  and  asphyxia  impulses  overflow,  so 
to  speak,  from  it  in  all  oirections,  though  only  gradually  losing 
^■l^eir  coordination,  until  almost  every  muscle  in  the  body  is  thrown 
iito  contractions. 

We  must  not  however  conceive  of  this  centre  as  one  of  such  a 
'^  ind  that  the  impulses  leave  it  fully  coordinated  and  equipped  so 
^"at  nothing  remains  for  them  but  to  travel,  unchanged,  along  the 
~  -^eral  efferent  nerve-fibres  to  their  several  muscular  destinations. 
the  contrary  we  have  reason  to  think  that  the  respiratory  motor 
'^^'■ves,  like  other  motor  nerves,  are  connected,  just  as  they  are 
^'^>ovit  to  issue  from  the  spinal  cord,  with  a  nervous  machinery,  in 
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which  nerve  cells  play  a  part — a  point  which  we  shall  consider  moro-Mrore 
fully  in  treating  of  the  spinal  cord;  we  have  reason  to  think  that^^jESfnat 
the  respiratory  impulses  starting  from  the  respiratory  centre  pas&^&^E^iass 
into  and  are  modified  by  secondary  spinal  nervous  mechanisms  .cncjr  4ms 
before  they  issue  along  the  motor  nerve-roots.  Indeed  obaervations^fxroons 
shew  that  under  particular  conditions,  and  especially  in  ynnn^m-w  rm^ 
animals,  respiratory  movemente  may  be  carried  out  in  the  enti«.^^Jtir. 
absence  of  the  medulla  oblongata.  Thus  if  in  a  kitten  or  puppy^c:^ op; 
or  young  rabbit,  after  division  of  the  spinal  cord  below  th^MzK^  tb 
medulla,  artificial  respiration  be  kept  up,  and  then  pauses  bcdT  b 
made  in  the  artificial  respiration,  during  these  pauses  not  odI\I  cm:<yu\ 
may  what  appear  to  be  respiratory  movements  be  induced,  in  .  rmn 
reflex  manner,  by  pinching  or  by  blowing  on  the  skin,  but.c-r<Jbu 
especially  if  the  excitability  of  the  spinal  cord  be  heightened  b<J  -It 
small  doses  of  strychnia,  even  spontaneous  efforts  of  breathin,.cx:x.-ciii] 
may  occasionally  be  observed.  These  are  the  exceptional  instanc€E»^>-c:«ic< 
mentioned  above.  Since  in  such  cases  the  rhythmically  repeate^*J^jat€ 
movements  of  the  respiratory  muscles  are  sometimes  accompanies  i-^=»i€ 
by  rhythmic  movements  of  the  fore  and  hind  limbs  not  respirator-xo^toi 
in  nature,  it  may  be  doubted  whether  these  experiments  reallf -Tj^^H 
prove  the  existence  of  distinct  respiratory  centres  in  the  spin^-txi^ini 
cord ;  and  at  most  they  merely  shew  that  the  respiratory  nervoiiro^^^oi 
mechanism  is  not  entirely  confined,  as  was  once  thought,  tt"  j«»  * 
the  centre  in  the  medulla,  but  also  embraces  other  subsidiaEE-^c^xJiar 
mechanisms,  which  may  perhaps  be  spoken  of  as  centres,  £  «^  ^ 
the -spinal  cord  below.  It  has  indeed  been  maintained  by  soDncxr^XJm 
that  these  lower  spinal  centres  are  the  chief  centres  and  tnat  thC-:^  •  *^ 
medullary  centre  acts  merely  in  the  way  of  regulating  thes^^^^^se 
but  it  is  difficult  to  reconcile  this  view  with  the  experience  th*-ci^^ha 
interference  with  the  medulla,  limited  entirely  to  the  medulla,  s  «^3*»  ^ 
often  leads  to  the  entire  abolition  of  the  respiratory  movement' -*=^—^ts 
The  matter  is  not  at  present  thoroughly  worked  out,  but  we  sha^-^^i'*'^*'^ 
probably  not  greatly  err  in  regarding  the  respiratory  nervous  syste^^^^*^^ 
as  in  many  ways  analogous  to  the  vaso-motor  nervous  system,  yirvMr^^^^^th 
its  head  centre  in  the  medulla,  and  secondary  centres  elsewheiK^:^-^^^, 
and  in  continuing  to  speak  of  the  centre  in  the  medulla  as  beiK-£^^^*'^ 
"the  respiratory  centre"  while  admitting  that  it  works  ihron^M-^ '^gh 
other  nervous  machinery  placed  lower  down  in  the  spinal  cok:^:^^^, 
and  that  this  subordinate  machinery  may,  in  exceptional 
carry  out,  though  inadequately,  the  work  of  the  chief  centre. 

§  363.     Admitting  then  the  existence  of  this  medullary  respii 
tory  centre  the  question  naturally  arises,  Are  we  to  re^^ard 
rhythmic  action  as  due  essentially  to  changes  taking  place  in  its 
or  as  due  to  afferent  nervous  impulses  or  other  stimuli  which  affi 
it  in  a  rhythmic  manner  from  withoiit  ?     In  other  words,  Is 
action  of  the  centre  automatic  or  purely  reflex  ?  We  know  that 
centre  may  be  influenced  by  impulses  proceeding  from  without, 
that  the  breathing  may  be  affected  by  the  action  of  the  will,  or 
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ui  emotion,  or  by  a  dash  of  cold  water  on  the  skin,  or  in  a  hundred 
Dther  ways ;  but  the  fact  that  the  action  of  the  centre  may  be  thus 
modified  from  without,  is  no  proof  that  the  continuance  of  its 
activity  is  dependent  on  extrinsic  causes. 

In  attempting  to  decide  this  question  we  naturally  turn  to  the 
pneumogastnc  as  being  the  nerve  most  likely  to  serve  as  the 
channel  of  afferent  impulses  setting  in  action  the  respiratory 
centre.  If  both  vagus  nerves  be  divided,  respiration  still  con- 
tinues, though  in  a  modified  form.  This  proves  distinctly  that 
Eifferent  impulses  ascending  those  nerves  are  not  the  efficient 
clause  of  the  respiratory  movements.  We  have  seen  that  when 
the  spinal  cord  is  divided  below  the  medulla,  the  facial  and 
laryngeal  movements  still  continue.  This  proves  that  the  respi- 
ratory centre  is  still  in  action,  though  its  activity  is  unable  to 
■nanifest  itself  in  any  thoracic  movement.  But  when  the  cord  is 
thus  divided,  the  respiratory  centre  is  cut  off  from  all  sensory 
impulses,  save  those  which  may  pass  into  it  from  the  cranial  nerves 
of  sensory  function ;  and  that  tnese  sensory  cranial  nerves  are  not 
specially  concerned  in  developing  the  activity  of  the  respiratory 
centre  is  shewn  by  the  fact  that  the  division  of  these  cranisJ  nerves 
hy  themselves,  when  the  medulla  and  spinal  cord  are  left  intact, 
does  not  dp  away  with  the  continuance  of  respiration.  One  cranial 
nerve,  as  we  shall  see,  is  especially  concerned  m  respiration,  viz.  the 
vagus  nerve ;  but  if  afler  removal  of  the  brain  above  the  medulla 
both  va^s  nerves  be  divided,  respiration  still  goes  on;  indeed 
the  respiratory  impulses  proceeding  from  the  centre  are,  though 
in  a  peculiar  way,  exaggerated.  Hence  though  we  cannot  put 
the  matter  to  an  experimental  test  by  dividing  every  sensory 
nerve  in  the  body,  while  leaving  the  motor  nerves  of  respiration 
intact,  such  an  operation  being  practically  impossible,  we  may 
infer  that  the  respiratory  impulses  proceeding  from  the  respi- 
ratory centre  are  not  simply  afferent  impulses  reaching  the  centre 
along  afferent  nerves  and  transformed  by  reflex  action  in  that 
centre.  They  evidently  start  de  novo  from  the  centre  itself, 
however  much  their  characters  may  be  affected  by  afferent  im- 
pulses, reaching  that  centre  at  the  time  of  their  being  generated. 
The  action  of  the  centre  is  automatic,  not  simply  reflex. 

§  364.     We  find,  on  inquiry,  that  the  activity  of  the  centre  is 

profoundly  influenced  by  two  classes  of  events.    These,  as  we  might 

expect,  are   on   the   one   hand  events  producing  changes  in  the 

qoality   of   the   blood   distributed   to   the   medulla  by  the   left 

ventricle,  especially  as  regards  its  gases,  that  is  to  say,  events 

iQodifying   the   interchange   taking  place  in   the  lungs;  and  on 

the   other   hand  nervous  impulses,  started  in  various  ways  and 

'teaching  the  centre  along  various  nerves  or  nervous  tracts.     It 

^11  be  convenient  to  consider  the  latter  first. 

Afferent  nervous  impulses  may  affect  the  centre  in  many  various 
'^^ys.  The  whole  act  of  breathing  or  of  taking  a  breath  is  a  double 
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act  conskting  of  ao  inspiration  and  an  expiration,  and  nervous  im-  —^,m 
pulses  may  especially  siSect  the  one  or  the  other.  One  mode  of^t-^c: 
breathing  may  differ  Irom  another  in  the  depth  of  the  individual  W-^e 
breath,  in  the  volume  of  air  taken  in  and  given  out ;  and  nerrous^^^Ki 
impulses  may  increase  or  may  diminish  the  depth  of  a  breath,  the^^.^ 
volume  of  air  respired.  One  mode  of  breathing  again  differs  from^ui^ 
another  in  the  rapidity  with  which  one  breath  succeeds  another,  that*-.^i^ 
is,  in  the  rate  of  rhythm  ;  and  nervous  impulses  may  slow  or  ma^^;.^E 
quicken  the  rate  of  rhjrthm.  Then,  again,  combinations  of  pffivtj^*--^— 
so  numerous  and  varied  as  almost  to  baffle  description  may  resutV'-f  .■ 
from  the  influence  of  various  nervous  impulses.  Emotions  may  affec*"^:^^-; 
a  single  breath  or  a  long  series  of  breatns,  may  quicken  the  rhythnrzv 
while  making  each  breath  more  shallow  or  may  at  the  same  tim^.a 
make  eachbreathdeeper,  ormayslow  the  rhythm  in  either  the  on^.« 
or  the  other  manner,  and  may  bear  chiefly  on  inspiiation  or  otK:« 
expiration.  Moreover  there  is  not  an  afferent  nerve  in  the  bod^  J 
which  by  means  of  afferent  impulses  passing  along  it,  may  not  b»^ 
the  instrument  of  influencing  the  respiratory  centre.  Of  all  th*.^ 
automatic  centres  in  the  body  the  respiratory  centre  is  the  on^Kz 
whose  independence  is  most  obscured  by  the  repeated  efiecte  (=^» 
afferent  nervous  impulses. 

Certain  afferent  nerves  however  appear  to  be  more  closely  coaz^ 
nected  with  it  than  others ;  and  of  these  the  most  conspicuous  ini^ 
important  are  the  two  vagus  nerves,  which  we  have  alreaiSzzs 
mentioned  in  this  connection.  Their  importance  is  well  illirtnit" — r- 
by  the  following  experiments.  If  one  vagus  be  divided  in  a^^ 
ordinary  way,  without  any  special  precautions,  the  respiistiou 
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The  Tigns  »M  divided  &t  tbe  point  mvked  «.     Tha  mura  ma  obUined 
tneans  ol  a  tambour  connected  with  a  reoeiver  into  which  the  Miimal  (ttiH 
broatbed  aa  shewn  in  Fig.  71,  tbe  lever  falling  in  inspiratioii  as  air  u  noked  otu 
the  tambour,  and  rising  in  expiration  as  tbe  air  retnms.    Inipiiation  begina 
and  ends  at  b.     Expiration  begina  at  b  and  ends  at  e.     The  uver  gradnaUr 
between  o  and  a  owing  to  the  eeoape  of  air  bom  the  apparatni. 
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^xtber    not    materally  chaDged,   or    if   affected   becomes   slower 
<Fig.  77).     If  both  be  divided  (Fig.  78)  it  becomes  very  slow,  the 

ELUses  between  expiration  and  inspiration  being  markedly  pro- 
nged.     The   character    of   the    respiratorj-    movement    too    is 


Fm.  78.    ErRCT  on  BEsriBitioH  or  bection  or  botb  Vaodb  nervee. 
_  Th«  «ir?e  was  obUined  in  the  same  way  aa  Fig.  77.    The  second  vagns  aene 

~"-^«  diTided  at  x. 

*^arkedly  changed ;  each  respiration  is  fuller  and  deeper,  so  much 
^*>  indeed  that,  according  to  some  observers,  what  is  lost  in  rate  ■ 
'^  gained  in  extent,  the  amount  of  carbonic  acid  produced  and 
*>Xygen  consumed  in  a  given  period  remaining  after  division  of 
^«xe  nerves  about  the  same  as  when  these  were  intact ;  but  it  is 
Undesirable  to  insist  too  much  on  the  exactness  of  this  compen- 
sation. 

When  after  division  of  both  vagus  nerves  in  the  neck,  the 
■iiedulla  being  intact,  the  central  stump,  that  connected  with  the 
pontral  nervous  system,  of  one  of  them  is  stimulated  with  a  gentle 
interrupted  current,  the  effects  are  not  always  the  same;  one 
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e  «a;  ai  Figs.  77,  78.    BtinmUtion  of  the 
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of  two  results  may  follow  and  that  whichever  of  the  two  nerves  b--* 
used.     In  a  certain  number  of  cases,  and  these  may  perhaps  b> 

regarded  as  the  more  typical  ones,  the  respiration,  which  from  thj 

division  of  the  ner\'es  had  become  slow,  is  quickened  again  (Fig.  79"  ■ 
and  with  care,  by  a  proper  application  of  the  stimulus,  the  norms 
respiratory  rhythm  may  for  a  time  be  restored.  Upon  the  cessE 
tion  of  the  stimulus,  the  slower  rhrthm  returns.  If  the  curTei= 
be  increased  in  strength,  the  rhj'thm  may  in  some  cases  be  s 
accelerated  that  inspiration  begins  before  the  expiration  of  tt 
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Thii  curve,  unlike  the  preceding,  wbb  obt&ioed  b7  inaating  ft  needl«  thrangh  tlte 
bod;  wall  so  as  to  rest  od  the  diaphngm  and  attaching  a  levet  to  the  neadl* ;  Me 
9  32S.  The  lever  risea  with  each  conti»ction  ol  the  diaphragm  go  thkt  inapintioii 
befiJnB  at  a  and  ends  at  b,  eipirstion  begins  at  b  and  enda  at  r,  the  interral  Mtwean 
I*  and  a  corre«ponding  to  the  pause. 

Stimulation  of  the  rtgat  begins  at  x.  It  will  be  Men  that  apon  atimalation 
the  inspiratory  riBes  of  the  lerer  begin  long  before  the  pnoeding  expiration*  are 
complete. 

preceding  breath  is  completed.  Fig.  80 ;  and  this  may  go  on  until 
at  last  toe  diaphragm  is  brought  into  a  condition  of  prolonged 
tetanus,  and  a  standstill  of  respiration  in  an  extreme  inspiratray 
phase  is  the  re.sult.  On  the  other  hand  in  a  certain  number  of 
caiies  the  result  is  of  an  opposite  character.  Even  though  the 
reiiipiration  be  already  slowed  by  division  of  the  nerves,  stimula- 
tion produces  a  still  further  slowing,  the  pauses  between  each 
I'xpiratioii  and  the  succeeding  inspiration  are  prolonged  (c£  Fig, 
HI ),  and  in  a  certain  number  of  cases,  actual  standstill  is  brought 
about,  but  a  standstill  of  a  kind  the  opposite  of  the  one  just 
ilescribed,   since    the    diaphragm   which    in    that    case   was    in 

Jirolongcd  tetanus  is,  in  this  case,  completely  relaxed,  and  remains 
or  some  time  in  the  condition  in  which  it  is  at  the  close  of  an 
ordinary  breath.  In  a  certain  number  of  cases,  and  these  are  not 
uncommon,  the  result   is  intermediate   between  the  two  above 
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:3ctremes;  the  diaphragm  stands  still  in  a  prolonged  contraction 
position   which   is  intermediate  between  the    height    of 
spiration  and  expiration. 
These  results  suggest  the  conclusion  that  the  vagus  nerve  (we 
dealing  now  with  the  main  trunk   of  the   nerve)  contains 
.Cerent  fibres  of  two  kinds  connected  with  the  respiratory  centre : 
kind  augmenting  the  action  of  the  centre  somewhat  in  the 
way  as  the  augmentor  cardiac  fibres  augment  the  beat  of 
^Fie    heart,   and    the    other   kind    having    an    inhibitory    effect. 
-^^^pparently  sometimes  the  one  and  sometimes  the  other  kind  is, 
^cxjording  to  circumstances,  most  provoked  by  the  stimulation, 
*^iuch  as  in  the  same  way  as  stimulation  of  the  vagus  in  the  frog, 
^^^^liich  as  we  have  seen,  §  158,  is  the  channel  for  both  inhibitory  and 
^^igmentor  cardiac  impulses,  produces,  sometimes  inhibition,  some- 
t^XTnes  augmentation  of  the  heart  beat.     To  affect  the  heart  of 
^^oiirse  the  stimulation  of  the  vagus  must  be  centrifugal,  directed 
'^oiw'ards  the  periphery,  whereas  to  affect  the  respiration  it  must 
^^  centripetal,  applied  to  the  part  of  the  nerve  connected  with  the 
^^''ain;  and   while   the   usual   effect   on   the    heart    of    ordinary 
t'^imulation  of  the  vagus  is  inhibition,  augmentation  only  occurring 
^^^      special    cases,   the    most    common    effect   on    respiratiop   is 
^'^gmentation,  though  inhibition  is  not  unfrequently  seen.     When 
^Ke  experiment  is  conducted  on  an  animal  under  the  full  influence 
^f  chloral  stimulation  of  the  vagus  generally  produces  inhibition 
^f  respiration,  probably  because  the  cnloral  renders  the  respiratory 
^^ntre  more  susceptible  to  inhibitory  influences. 

§  366.     We  said  just  now  "the  action  of  the  centre";  but  the 

^^spiratory  centre  is  a  double  one;  it  gives   rise   to   inspiratory 

*ud  to  expiratory  efferent  impulses,  and  these  are  antagonistic  the 

^ne  to  the  other.     If  inspiratory  and  expiratory  impulses  issued 

from  the  centre  at  the  same  time  and  m  equal  potency,  there 

could  be  no  breathing  at  all,  they  would  neutralize  each  others 

effects ;  and  indeed  any  amount  of  inspiratory  impulse  is  antago- 

lustic   to    a    simultaneous    expiratory  impulse,   and   vice   versa. 

Hence   for  the  adequate  services  of  the   respiratory  centre  we 

nught  expect  to  find  that  each  kind  of  afferent  impulse  ascending 

the  vagus  affected  the  centre   in   a  double   and   opposite  way, 

phibitmg  expiration  while  augmenting  inspiration,  or  inhibiting 

u^spration  wnile  augmenting  expiration.     If  we  allow  ourselves 

to  speak  of  the  whole  respiratory  centre  as  consisting  of  two  parts, 

^  the  inspiratory  part,  or  inspiratory  centre  concerned  in  the 

WBue  of  inspiratory  impulses,  and  the  other  the  expiratory  part,  or 

«ixpuratory  centre  concerned  in  the  issue  of  expiratory  impulses, 

We  may  suppose  that  these  centres  are  so  related  to  each  other 

that  afferent  impulses,  reaching  the  medulla,  which  augment  or 

inhibit  the  one,  necessarily  inhibit  or  augment  the  other.     We 

need  perhaps  hardly  add  that  of  these  two  centres  we  should 

expect  to  find  the  inspiratory  centre  the  dominant  and  the  most 
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responsive  one;  in  normal  breathing  it  comeB  almost  alone  iiM 
obvious  use,  since  as  we  have  seen  the  expiratory  muscles  ha.' 
then  a  very  slight  task  only,  the  chest  being  emptied  chiefly  ~ 
elastic  reaction  ;  and,  speaking  generally,  breathing  in  is  the  Gm 
consideration,  we  breathe  out  mostly  because  we  have  alrea. 
breathed  in. 

There  are  many  facts  which  support  this  view  of  the  doul 
antagonistic  action  of  afferent  respiratory  impulses.  If  the  centr 
end  of  the  superior  laryngeal  branch  of  the  vagus  be  stimulaK 
the  effects  are  much  more  constant  than  those  of  stimulating  K 
main  vagus  trunk.  Whether  the  main  trunk  of  the  nerve  be  ^: 
viously  severed  or  not,  the  result  of  centripetal  stimulation  of  • 
superior  laryngeal  branch  is  always  in  the  direction  of  a  slowa 
of  the  respiration  (Fig.  81);  and  this  may  by  proper  stimulatri 
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This  carve  was  obteined  in  the  eune  wa;  u  Figs.  77,  B,  9  and  the  Jetton    > 
the  same  meaning  as  in  those  figtues.     Btimnlation  begma  at  x,  and  ends  at  y. 

be  carried  so  far  that  a  complete  standstill  of  respiration  in 
phase  of  rest  is  brought  about.     While  the  main  trunk  of     ' 
vagus  contains  fibres  of  two  kinds,  both  augmentor  and  inhibit 
of  inspiration,  the  superior  laryngeal  branch  appears  to  coatf 
one  kind   only,  those  which   inhibit   inspiration.     If  now  wb- 
this  experiment  is  being  conducted  on  a  rabbit  the  abdomen   ' 
watched   it   will   be   seen   that   the   inhibition   of  inspiration 
accompanied  by  a  contraction  of  the  abdominal  muscles,  that 
by  an  effort  at  expiration;   the  stimulation  of  the  nerve  whil 
inhibiting  respiration  provokes,  to  a  certain  extent,  expiration. 

§  366.     That  the  trunk  of  the  vagus  is  the  channel  of  these  tw( 
kincb  of  impulses,  of  a  mutually  antagonistic  character,  is  ftuthei 
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iiewn  by  applying  what  may  be  considered  as  natural  stimuli  to 
^  Ine  endings  of  the  nerve  in  the  lungs ;  and  the  results  so  obtained 
^ve  an  especial  value  since  the  artificial  stimulation  of  a  nerve 
"bre  at  a  part  of  its  course  by  means  of  an  electric  current  is  at 
a  rough  process,  by  which  we  cannot  hope  to  do  more  than 
/])proximate  to  the  results  actually  taking  place  in  the  living  body 
hen  the  nerve  is  stimulated  at  its  endings  by  natural  stinmli; 
A  the  approximation  is  perhaps  less  in  the  case  of  the  exquisitely 
nsitive  respiratory  centre  than  in  many  other  cases. 
If  in  an  animal  in  which  a  careful  graphic  record  of  the 
^^38piratory  movements  is  being  taken,  the  trachea  be  suddenly 
l<»ed  at  the  summit  of  an  inspiration,  the  result  is  a  pause  before 
^  tie  succeeding  inspiration  follows,  that  is  to  say,  a  partial  or 
temporary  inhibition  of  inspiration ;  and  if  during  such  an  experi- 
^nt  on  a  rabbit  a  curve  be  taken  by  means  of  the  isolated  slip  of 
e  diaphragm,  §  328,  it  will  be  seen  (Fig.  82  A)  that  the  slip 
elongates  somewhat ;  that  is  to  say,  previously  in  a  state  of  slight 
tionic  contraction,  it  changes  in  the  direction  of  expiration.     If  on 
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to  a  slip  of  the 
ion)  raises  the 
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^  A,  the  trachea  is  closed  at  x,  the  height  of  inspiration;  a  pause  follows 
irkdct  the  lever  gradually  sinks  until  an  inspiration  (a  very  powerful  one) 

^  B,  the  trachea  is  dosed  at  the  end  of  expiration,  x;  there  follow  powerful 
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the  other  hand  the  trachea  be  suddenly  closed  at  the  end  of  ^aji 
expiration  (Fig.  82  B),  when  the  luDge  have  returned  to  th  ^eSr 
emptied  condition,  the  result  is  an  increase  of  the  sequent  iKn- 
epirations,  that  is  to  say,  an  augmentation  of  inspiratory  imrnlr-a  rm. 
If  the  chest  or  if  the  lung  only  be  gently  inflated  a  tempoi^^kf^ 
cessation  of  all  inspiration  ma;  be  produced,  accompanied  soisck^- 
times  by  an  attempt  at  expiration.     If  on  the  other  hand  air       tte 
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The  lower  cntre  is  ileBoribed,  bb  id  Fig.  S3,  b;  a  lever  attaohed  t< 
diaphrBKQi.     The  Dpper  carre  flhewB  the  inflations  from  i  to  y,  which  v 
without  an;  attempt  to  draw  the  air  ont  at  each  ioflatioii ;  each  rise  on  tbis  csn^^ 
ileootes  BD  icflatioD.     It  will  be  observed  that  ae  the  inflations  are  eontinned.    ^M 
icBpiratoi?  movements  of  the  diaphragm  are  gradnall;  "  knoalied  down." 

sucked  out  of  the  chest,  or  if  one  lung  be  made  to  collapse  by 
puncture  of  one  pleural  chamber,  a  prolonged  inspiration  is  the 
frequent  result,  the  diaphragm  being  thrown  into  a  proloo^p^ 
inspiratory  tetaniia  If  the  lungs  are  repeatedly  inflated,  witho"*' 
any  means  being  taken  to  draw  out  the  air  after  each  inflatit^^ 
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VENTILATION.     (Head.) 

The  curve  corretipoiidB  eiactl;  to  Fir.  83.  except  that  the  Inngs  are  sDbject«d  k 

repented  Hnctions  without  correipondiog  inflatiunii.    The  resnlt  is  that  the  inapiis. 

tions  are  repeated  in  snch  a  way  as  to  lead  almost  to  an  inspiratoiy  tetanoi  of  Ibi 

diaphragm. 
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C  ^ig.  83),  a  procedure  which  we  may  speak  of  as  positive  venti- 

l^^tion,  the  result  is  that  the  inspiratory  efforts  are  diminished,  and 

the  ventilation  is  continued  may  cease  altogether.     If  on  the 

:her  hand  air  is  repeatedly  sucked  out   of  tne  lungs,  without 

ly  corresponding  innations,  negative  ventilation,  the  inspiratory 

forts  are  increased  (Fig.  84)  and  the  increase  may  be  such  as  to 

xing  the   diaphragm   to  a  state   of  tetanus.     And  in  general, 

lough  several  complications  occur  which  we  cannot  discuss  here, 

le  results  of  inflation  of  the  lungs  on  the  one  hand  and  of  suction 

collapse  of  the  lungs  on  the  other  hand,  shew  that  the  mere 

iflation  or  perhaps  rather  the  mere  distension  of  the  lung  tends 

inhibit  inspiratory  and  usher  in   expiratory  impulses,  while 

lUapse  of  the  lung  tends  to  inhibit  expiratory  and  to  develope 

^^cri^spiratory  impulses,  the  effect  on  the  inspiratory  impulses,  as 

ight  be  expected  from  the  dominance  of  the  inspiratory  portion 

the  centre,  being  more  marked  than  the  effect  on  the  expiratory 

tpulse&   That  the  instrument* by  which  these  effects  are  produced 

fc  the  vagus  nerve  is  shewn  by  the  fact  that  they  are  no  longer 

^  itinctly  reo^nizable  when  both  vagus  nerves  are  divided.    Aiid 

it  the  results  are  due  to  the  mere  mechanical  expansion  and 

^Ilapse  of  the  lung  in  insufflation  and  collapse,  and  not  to  any 

%emical  influences  exerted  by  the   larger  amount  or  smaller 

^■^apount  of  air  present  in  the  lung  in  the  two  cases  increasing  or 

^^-:iminishing  the  absorption  of  oxygen  and  escape  of  carbonic  acid, 

^-^^  shewn  by  the  fact  that  the  results  remain  in  their  main  features 

5^iie  same  when  some  indifferent  gas  such  as  hydrogen  is  used  for 

^  ion  instead  of  air  or  oxygen.     We  infer  therefore  that  the 

:pansion  of  the  pulmonary  alveoli   in  some   way  or  other  so 

ibimulates  the  endings  in  the  lung  of  the  pulmonary  branches  of 

^  lie  va^s,  that  impulses  are  generated  which  ascending  the  vagus 

^  x^nk  mhibit  the  mspiratory  processes  in  the  respiratory  centre ; 

^-xid  that   conversely   collapse   of   the   lung  similarly  generates 

^^::3Qpulse8  which  are  augmentative  of  inspiratory  impulses.     And, 

turning  on  the  strength  of  analogy  the  existence  in  the  vagus  of 

0  sets  of  fibres  we  may  say  that  expansion   stimulates   the 

tKlings  of  the  fibres  which  inhibit  inspiration  and  concurrently 

^nd  to  augment  expiration,  while  collapse  stimulates  the  fibres 

lich  inhibit  expiration  and  augment  inspiration.     The  respira- 

■^oiy  pump    may   thus    be    looked    upon    as    a    self-regulating 

"'^^^haniflm :  the  expansion  of  the  lungs  which  is  the  result  of  the 

i  afferent  inspiratory  impulses  tends  to  check  the  issue  of  these 

I         "Unpulses  and  to  inaugurate   the   sequent   expiration ;  and   the 

^        ^turn  of  the  lungs  in  expiration  tends  to  set  going  the  succeeding 

^       iQspimtion. 

^^  The  regulative  influence  exerted  by  impulses  normally  ascending 

jA       ^he  vagus  nerves  is  further  shewn  by  the  following  striking  ex- 

=^^      P^ent.     As  we  have  already  seen  the  brain  above  the  medulla 

^M      ^y  be  removed  without  any  extraordinary  change  in  the  respiration 
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takine  place.  We  have  also  seen  that  when  both  vagus  ner\^^ 
are  divided  the  respiration  is  slower  and  deeper,  but  is  otherw  ^ 
regular.  If  however  after  removal  of  the  brain  above  the  media. ' 
both  vagus  nerves  are  divided,  if  the  respiratory  centre  be  cut  m 
at  one  and  the  same  time  from  impulses  passing  down  from 
higher  parts  of  the  brain,  and  fit)m  impulses  ascending  the 
nerves,  the  result  is  that  the  respirations  take  on  the  form  o 
series  of  long  continued  inspiratory  spasms.  It  would  seem 
there  were  a  tendency  in  the  respiratory  centre  to  go  ofiF  L 
tetanic  inspiratory  explosions,  that  this  tendency  is  held  in  cho^ 
by  impulses  from  the  brain  when  the  vagus  nerves  are  divide 
and  by  impulses  along  the  vagus  nerves  when  the  braiim. 
removed,  but  meets  with  no  adequate  checks  when  impulses  fine 
both  sources  are  cut  off  at  the  same  time. 

§  367.     Hypotheses  have   been  put  forward  to  explain     t^l 
changes  in  the  respiratory  centre  which  lead  to  the  rhythmic   di 
charge  of  inspiratory  and  expiratory  impulses,  and  the  fturfch 
changes  which  result  from  the  advent  of  augmenting  and  inhibit4>i 
impmses ;  but  these  as  yet  remain  mere  hypotheses  and  it  wouJ 
not  be  profitable  to  discuss  them  here.     We  may  add  that  thoug 
the  analogy  of  the  cardiac  nervous  mechanism,  in  which  we  cBi 
anatomically  distinguish  between  augmentor  and  inhibitory  fibres 
justifies  us  in  speaking  of  augmentor  and  inhibitory  respirator] 
fibres  as  existing  in  the  vagus  nerve,  we  are  not  as  yet  able   tc 
distinguish  them  by  anatomical  methods.     We  may  ftirther  a^i* 
that  so  exquisitely  sensitive   is  the  respiratory  centre  to  th^ 
afferent  impulses,  that  stimuli  too  slight  to  produce  any  appredal^ 
effect  when  applied  to  afferent  nerves  connected  with  an  ordina.* 
centre,  such  as  a  spinal  reflex  centre,  may  produce  marked  effect 
on  the  respiratory  centre.    For  instance,  the  feeble  electric  currei 
which  is  developed  when   the   cut   end  of  a  divided  vagus 
replaced  in  the  wound,  the  circuit  between  the  cut  end  and  t 
longitudinal  surface  of  the  nerve  being  closed  through  the  bl< 
or  lymph  of  the  wound,  is  often  sufficient  to  develope  inhibit 
impulses.     Again,  when  the  connection  of  the  respiratory  ce 
with  the  lungs  through  the  vagus  nerves  is  abolished,  no 
section  of  the  nerves  out  by  freezing  both  nerves  at  some  p 
the  course  of  each  nerve  (an  operation  which,  while  comp 
blocking  the  passage  of  impulses  along  the  nerve-fibres,  do 
itself  act  as  a  stimulus)  the  effect  on  the  respiratory  move 
is  much  more  in  the  direction  of  increasing  and  prolongi 
inspiratory  act  than  of  slowing   the   rhythm.     Hence   it 
appear  that  what  we  have  previously  described  as  the  r 
dividing  both  vagus   nerves,  is  partly  due  to   the   bloc 
natural  impulses  and  partly  to  the  section  of  the  ner 
possibly  to  electric  currents,  developed  as  suggested  abo^ 
as  stimuli  and  thus  giving  rise  to  artificial  impulses. 

§  368.     The  double  or  alternate  respirator}-  action  of 
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nerves  ou  which  we  have  dwelt  above  may  be  taken  as  in  a  general 
iway  illustrative  of  the  manner  in  which  other  afferent  nerves  and 
%'aiious  parts  of  the  cerebrum  are  enabled  to  influence  respiration. 
-A-s  we  have  already  said,  and  indeed  know  from  daily  experience, 
of  all  the  apsychical  nervous  centres,  the  respiratory  centre  is  the 
one  which  is  most  frequently  and  most  deeply  affected  by  nervous 
irnpulses  from  various  quarters.     Besides  the   changes  brought 
About  by  the  will  (and  when  we  breathe  voluntarily  we  probably 
make  use  to  some  extent  of  the  normal  nervous  machinery  of 
respiration,  working  through  this,  rather  than  sending  independent 
volitional  impulses  direct  to  the  diaphragm  and  other  respiratory 
muscles),  we  find  that  emotions  and  painful  sensations  alter  pro- 
foundly the  character  of  the  respiratory  movements.     And  though 
these  effects  may  be  partly  indirect,  (the  emotion  modifying  the 
heart-beat  or  the  tonus  of  the  arteries,  and  so  influencing  the 
flow  of  blood   through  the  respiratory  centre,)  they  are  chiefly 
<iue  to    the    direct   action   of   nervous  impulses    reaching    that 
^ientre  from  higher  parts  of  the  brain.     So  also  impulses  from 
almost   every   sentient   surface,   or  passing  along  almost   every 
^<iisory  nerve,  may  modify  respiration  in  one  direction  or  another. 
The  influence  in  this  way  of  stimuli  applied  to  the  skin  is  well 
loiown  to  all;  but  perhaps  next  to  the  vagus  the  nerve  most 
<?lo6ely  connected  with  the  respiratory  centre  is  the  fifth  nerve, 
Viranches  of  which  guard   the   nasal   respiratory  channels;    the 
slightest  stimulation  of  the  nostrils  at  once  affects  the  breathing 
^d  most  frequently  arrests  it.     The  effects  of  stimuli  of  various 
strengths  brought  to  bear  on   various  nerves  are   very  varied. 
Sometimes   the   result   is  an   increase   of  inspiration ;   and   that 
either  by  a  quickening  of  the  rhythm  or  by  an  increase  of  the 
individual  breaths  or  by  a  combination  of  the  two.     Sometimes 
tile  result  is  an  inhibition  of  inspiration  accompanied  or  not  by 
an  increase  of  expiration,  and  sometimes,  as  when  the  stimulation 
causes  a  cough,  the  expiratory  results  may  be  out  of  all  proportion 
to  the  modifications  of  inspiration.     While  in  the  case  of  some 
perves,  for  instance,  as  we  have  seen,  the  superior  laryngeal,  and  it 
is  said  the  splanchnic  nerves,  the  effects  are  exclusively  or  at  least 
chiefly  inhibitory  of  inspiration  and  augmentative  of  expiration, 
that  is  expiratory,  and  in  others  perhaps  chiefly  augmentative 
rf  inspiration  or  mspiratory,  in  the  case  of  most  nerves  the  effect 
^y  be  according  to  circumstances  either  in  the  one  direction  or 
^he  other.     Perhaps  as  a  rule   weak   stimuli  tend   to   augment 
*>Mi  strong  to  inhibit  inspiration ;  but  the  effects  of  artificially 
*^ulating  sensory  nerves  are  complicated  and  often  confusea, 
hecause  powerful  afferent  impulses  by  giving  rise  to  pain  may, 
through  impulses  generated  by  the  pain  itself  and  descending  to 
the  medulla  from  the  brain,  act  in  an  indirect  as  well  as  in  a 
^^t  manner;  and  the  prominence  of  the  indirect  painful  im- 
pulses will  in  any  experiment  depend  on  the  anaesthetic  used. 
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We  may  say,  however,  that  in  all  cases  the  eflfect  is  very  larg^=^  ly 

determined  by  the  condition  at  the  time  being  of  the  respiratc ^:mry 

centre  itself;  and  that  is  in  turn  determined  not  only  by  thiinm^^^ps 
which  affect  its  nutrition,  such  as  the  character  of  the  blood  r-^  i j. 
culating  in  it,  but  also  by  the  nature  and  amoimt  of  the  otKizM^^r 
afferent  impulses  which  are  playing  upon  it  at  the  same  timBc^e. 
Thus,  as  we  shall  presently  see,  the  effect  of  a  stimulus  applied.      Xo 
the  vagus,  when  the  respiratory  centre  is  inadequately  suppLia^^sd 
with  arterial  blood,  is  not  the  same  when  the  centre  has  its  nonr^v:!.^ 
supply  of  normal  blood.     So  also  a  stimulus,  which  applied  to  ^fclie 
vagus  or  to  another  nerve  in  an  intact  animal  simply  quick.  ^^  mis 
inspiration,  applied  in  an  animal  whose  cerebral  hemispheres  L  ^a^^we 
been  removed  will  call  forth  a  prolonged  tetanic  inspiratory  giE^j^p. 
The  respiratory  centre  responds  in  fact  in  the  most  intricate  ^a-mad 
varied  manner  to  nervous  impulses  proceeding  from  all  part^       of 
the  body,  and  thus  delicately  adjusts  the  working  of  the  respirat4Z>Tjr 
pump  to  the  needs  of  the  economy. 

§  369.  The  complicated  nature  of  the  respiratory  cen^i^Te 
is  further  shewn  by  the  fact  that  it  appears  to  consist  of  t^^^o 
lateral  halves  which  normally  work  in  unison  and  yet  may  be  mn^^e 
to  work  independently.  If  the  medulla  oblongata  be  careful  }y 
divided  in  the  middle  line  respiration  may  continue  to  so  on  ^^^ 
quite  a  normal  fashion.  If,  however,  one  vagus  be  then  divided,  tK^TT 
respiratory  movements,  both  costal  and  diaphragmatic,  on  the  sic^^^ 
of  the  body  on  which  division  of  the  vagus  has  tsd^en  place,  becom  ^^^ 
slower  than  those  on  the  other  side,  so  that  the  two  sides  are  n^  ^^^ 


longer  synchronous ;  and  a  stimulus  confined  to  one  vagus  affecw>-       -^ 
the  respiratory  movements  of  that  side  of  the  body  only.     So  akc^^^iis 
a  section  of  a  lateral  half  of  the  cord  below  the  meaulla  stops  ^^ 
the  respiratory  movements  on  that  side  alone. 

§  370.  Besides  these  nervous  influences,  however,  there  is 
another  circumstance  which  perhaps  above  all  others  affects  the 
respiratory  centre,  and  that  is  the  condition  of  the  blood  in  respect 
to  its  respiratory  changes;  the  more  venous  (less  arterial)  the 
blood,  the  greater  is  the  activity  of  the  respiratory  centre.  When 
by  reason  either  of  any  hindrance  to  the  entrance  of  air  into  the 
chest,  or  other  interference  with  the  due  interchange  between  the 
blood  and  the  pulmonary  air  or  of  a  greater  respiratory  activity  of 
the  tissues,  as  during  muscular  exertion,  the  blood  becomes  less 
arterial,  more  venous,  i.e.  with  a  smaller  charge  of  oxygen  and  more 
heavily  laden  with  carbonic  acid,  the  respiration  from  oeing  normal 
becomes  laboured.  We  may  speak  of  normal  breathing  as  eupnoBo, 
and  say  that  this,  when  the  blood  is  insufficiently  arterialized, 
passes  into  dyspncea,  an  intermediate  stage  in  which  the  respira- 
tory movements  are  simply  exaggerated  being  known  as  hyperpnam. 
The  modifications  of  breathing  thus  causea  by  deficient  arteriali- 
zation  of  blood  are  especially  characterized  by  an  increase  in 
the  total  energy  of  the  respiratory  impulses  generated,  and  in  this 
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respect  differ  from  the  modifications  resulting  from  interference 
iMritn  the  nervous  arrangements  such  as  those  following  upon  section 
of  the  vagus  nerves,  in  which  case  as  we  have  seen  the  rhythm  is 
Enuch  more  profoundly  affected  than  the  amount.    In  dyspnoea  the 
breathing  is  frequently  quicker  as   well  as  deeper^  there  is  an 
increase   in  the  sum   of  efferent  respiratory  impulses,  and  the 
expiratory  impulses,  which  in  normal  respiration  are  very  slight, 
acquire  a  pronounced  importance.     As  the  blood  becomes,  in  cases 
of  obstruction,  less  and  less  arterial,  more  and  more  venous,  the 
discharge   from  the  respiratory  centre  becomes  more  and  more 
vehement,  and  instead  of  confining  itself  to  the  usual  tracts,  and 
passing  down  to  the  ordinary  respiratory  muscles,  overflows  into 
other  tracts  and  puts  into  action  other  muscles,  until  there  is 
perhaps   hardly  a  muscle   in   the  body  which   is   not   made   to 
ifeel  its  effecta     The   muscles  which  are  thus   more   and   more 
thrown   into  action   are   especially  those   tending   to  carry  out 
or  to  assist  expiration ;  ana  at  last,  if  no  relief  is  afforded,  the 
'violent   but   still  definite   respiratory  movements    give    way   to 
S^neral    convulsions    of  the   whole   body,   which   however  have, 
to   a  certain  extent,  an  expiratory  character.     With   the   onset 
of  these  convulsions  dvspnoea  is  said  to  have  passed  into  asphyxia, 
By  the  violence  of  these  convulsions  the  whole  nervous  system 
y>ecome8  exhausted,  the  convulsions  cease  and  death  is  ushered 
to  through  a  few  infrequent   and  long  drawn   breaths;   but  to 
this  matter  we  shall  return.     The  effect  of  venous  blood  then  is 
to  augment  all  those  natural  explosive  decompositions  of  the  sub- 
stance of  the  central  nervous  system  which  give  rise  to  respiratory 
in^pulses ;   it  increases  their  amount,   and  also   quickens  their 
riiythm.    The  latter  change,  however,  is  much  less  marked  than  the 
former,  the  respiration  being  much  more  deepened  than  hurried, 
tod  the  several  respiratory  acts  are  never  so  much  hastened  as  to 
catch  each  other  up,  and  so  to  produce  an  inspiratory  tetanus  like 
'hat  resulting  from  stimulation  of  the  vagus.     On  the  contrary, 
especially  as  exhaustion  begins  to  set  in,  the  rhythm  becomes 
•lower  out  of  proportion  to  the  weakening  of  the  individual  move- 
ments. 

§  871.  The  question  naturally  arises.  Does  this  condition  of  the 
blood  affect  the  substance  of  the  central  nervous  system,  that  is 
^  aay,  the  respiratory  centre  in  the  medulla  (and  the  subsidiary 
•pdnal  nervous  mechanisms)  directly,  or  does  it  produce  its  effect  by 
st;iinulating  the  peripheral  ends  of  afferent  nerves  in  various  parts 
of  the  body,  and,  by  the  generation  there  of  afferent  impulses, 
^^Didirectly  modify  the  action  of  the  central  nervous  system  ? 
^^ithout  denying  the  possibility  that  the  latter  mode  of  action  may 
b^lp  in  the  matter,  as  regards  not  only  the  vagus,  but  all  afferent 
^erveSjthe  following  facts  seem  to  shew  that  the  main  effect  is  pro- 
duced by  the  direct  action  of  the  blood  on  the  central  nervous 
system  and  indeed  on  the  medullary  respiratory  centre  itself   If  the 
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spinal  cord  be  divided  below  the  medulla  oblon^ta,  and  both  vss 
be  cut,  want  of  proper  aeration  of  the  blood  still  produces  an  ^ 
creased  activity  of  the  respiratory  centre,  as  shewn  by  the  inci 
vigour  of  the  facial  respiratory  movementa  If  the  supply  of  blo^iDd 
be  cut  off  from  the  medulla  by  ligature  of  the  carotia  and  int::'^E5'T- 
vertebral  arteries  dyspnoea  is  produced,  though  the  operation  p^-^r-o- 
duces  at  first  no  change  in  the  blood  generally,  but  simply  afF<s-^z^t8 
the  respiratory  condition  of  the  medulla  itself  by  cutting  <dS 
its  blood-supply,  the  immediate  result  of  which  is  an  accumulate  ion 
of  carbonic  acid  and  a  paucity  of  available  oxygen  in  the  nenr^z^'mis 
substance  of  that  region.  If  the  blood  in  the  carotid  art-ery  in-  aan 
animal  be  warmed  above  the  normal,  a  dyspnoea  is  produced  wh  i<3:h, 
though  apparently  not  quite  identical  with  the  dyspnoea  caii>a^^ 
by  imperfect  arterialization  of  the  blood,  shews  that  the  too  ht  i^h 
temperature  of  the  blood  directly  affects  the  activity  of  -fcJie 
respiratory  centre.  We  may  conclude  therefore  that  the  condifc-i^^J 
of  the  blood  affects  respiration  by  acting  directly  on  the  respiratx=>Ty 
centre.  Moreover  it  is  the  medullary  centre  which,  at  all  ev^  irmts 
in  adult  animals,  is  affected  by  the  too  venous  blood,  since  a^f^^fc^ 
division  of  the  spinal  cord  below  the  medulla,  dyspnoeic  thoraefc-^^ic 
respiratory  movements  and  convulsions  do  not  follow  upon  ^ex- 
clusion of  air.  They  are  however  stated  to  occur  in  new-l::><^™ 
animals,  indicating  that  the  subsidiary  mechanisms  in  the  u] 
spinal  cord  of  which  we  spoke  in  §  363  may  be  also  affe< 
by  the  too  venous  blood;  but  the  doubts  which  we  previo«:»^y 
urged  hold  good  in  these  cases  also. 

While  the  respiratory  centre  is  thus  being  affected  by  the  ^ti'^^ 
venous  blood,  it  is,  until  exhaustion  begins  to  set  in,  more  irrit»rt>*®» 
more  easily  and  largely  affected  by  afferent  impulses  than  in.  ^^ 
normal  condition.  During  dyspnoea  a  stimulus  which  applied  ^ 
the  vagus  or  to  some  other  sensory  nerve  under  normal  conditi^^*^ 
would  produce  little  or  no  effect,  may  start  very  powerful  respiJ^"** 
tory  movements. 

§  372.     Deficient  aeration  produces  two  effects  in  blood  -       ^^ 
diminishes  the  oxygen,  and  increases  the  carbonic  acid.     Do  bK>'^.'l 
of  these  changes  affect  the  respiratory  centre,  or  only  one,  and    " 
so,  which  ?     When  an  animal  is  made  to  breathe  an  atmospb^^ 
containing  nitrogen  only,  the  exit  of  carbonic  acid  by  diffusiax*^    .^ 
not   affected,  and  the   blood,   as  is  proved    by   actual   BJialyT^^ 
contains  no   excess   of  carbonic   acid.     Yet  all   the   phenoni^ 
of  dyspnoea  are  present,  and   if  the   experiment   be   continue 
convulsions  ensue  and  the  animal  dies  in  asphyxia.     In  this  c^^^— . 
the  result  can  only  be  attributed  to  the  deficiency  of  oxygen,     ^^--^"^v^ 
the  other  hand,  if  an  animal  be  made  to  breathe  an  atmosphere  rw^^  ^ 
in  carbonic  acid,  but  at  the  same  time  containing  abundance  c^ 
oxygen,  though  the  breathing  becomes  markedly  deeper  and  ^"^^^ 
somewhat  more  frequent,  there  is  no  culmination  in  a  convulsivar^^ 
asphyxia,  even  when  the  quantity  of  carbonic  acid  in  the  blood,  as? 
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shewn  by  direct  analysis,  is  very   largely   increased.     On    the 

eontrary,  the  increase  in  the  respiratory  movements  may  after  a 

'while  pass  off,  the  animal  becoming  unconscious,  and  appearing 

to  be  suffering  rather  from  a  narcotic  poison  than  from  simple 

dyspnoea;    the  excess  of  carbonic  acid  in    the    blood    appears 

to  f^ect  other  parts  of  the  central  nervous  system,  and  especially 

portions  of  the  brain,  more  profoundly  than  it  does  the  respi- 

i"atory  centre.     It   has  been  maintained  by  some   that   while   a 

deficiency  of  oxygen  promoter  inspiratory  movements,  an  excess 

of  carbonic  acid  stimulates  the  expiratory  movements,  the  nervous 

Qaechanisms    being    so  arranged  that  a  lack    of   oxygen   leads 

to  an  effort  to  get  more  of  it  and  a  too  great  load  of  carbonic 

*U5id  to  an  effort  to  get  rid  of  it;  but  the  facts  are  opposed  to 

the  existence  of  any  such  teleological  adaptation.     It  is  obvious 

l^owever  that  a  lack  of  oxygen  and  an  excess  of  carbonic  acid 

^flFect  the   respiratory  centre   in   very  different   ways,  and   that 

*J^    ordinary  cases  of  interference   with   the  interchange  in  the 

l^tigs,  as  in  deficient  aeration,  it  is  the  lack  of  oxygen  which  plays 

^he  principal  part  in  developing  the  abnormal  respiratory  move- 

^iients.     We  may  infer  that  it  too  is  chiefly  concerned  in  regulating 

the  more  normal  respiration,  but  cannot  as  yet  say  what  is  the 

^Xact  share  to  be  attributed  to  the  carbonic  acid. 

We  may  here  point  out  that  it  is  not  to  be  supposed   that 

^^ch  breath  is  determined  by  the  condition  of  the  blood  flowing 

tihrough  the  capillaries  of  the  medulla  at  the  moment  preceding 

that  breath,  it  is  not  to  be  imagined  that  each   breath  is  the 

^^esult   of  the   lack  of  oxygen  felt  immediately  before.     On  the 

^^ntrary,  as  we  have  previously  urged,  the  respiratory  centre  like 

the   cardiac   substance   is   an   automatic   centre,  the   respiratory 

ioipulses  issue   from   it   in   rh)rthmic  series  as  a  result   of  the 

iJaolecular  changes,  of  the  metabolism  going  on  in  its  substance ; 

*itid  whatever  a^ects  that  rhythm,  whether  few  or  many  beats  be 

iixfluenced,  produces  its  result  by  modifying  that  metabolism.     A 

la«k   of  oxygen  in   the  blood,  or  a  nervous  impulse  along  an 

«^fferent  fibre,  both  affect  the  centre  by  modifying  its  metabolism ; 

hut  each  probably  affects  it  in  a  different  way.     It  is  beyond  our 

present  knowledge  to  explain  how  either  the  one  or  the  other 

^cts.    We  may  imagine  that  a  lack  of  oxygen  on  the  other  hand 

h^8  a  more  profound  effect  in  modifying  the  whole  complex  series 

oF  metabolic  changes,  the  whole  chain  of  building  up  and  breaking 

down  processes,  thus  in  some  way  or  other  rendering  the  whole 

^difice  so  to  speak  more  unstable ;  and  that  an  afferent  augmenting 

^^tiipulse  (and  possibly  an  excess  of  carbonic  acid)  acts  rather  after 

*  ie  &shion  of  what  we  are  accustomed  to  call  a  stimulus,  and 

off   a  larger  amount  of   the  already  stored  up  explosive 

^^mpounds.     And  we  may  further  imagine  that  the  special  feature 

^f  the  substance  of  the  respiratory  centre  is  that  its  metabolism  is 

**o  airanged  as  to  be  thus,  unlike  that  of  other  living  substances, 
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rendered  unstable  and  more  explosive,  not  simply  diminished 
deadened   by  a  lack  of  oxygen.     But  these  as  yet  are   matte 
of  speculation. 

We  may  perhaps  add  that,  under  various  nutritive  conditio! 
the  sensitiveness  of  the  metabolism  of  the  respiratory  centre 
lack  of  oxygen  may  vary  widely.     Thus  while  undoubtedly  unc: 
the  normal  nutritive  conditions  afforded  by  the  ordinary  supply- 
normal  blood  to  the  medulla,  lack  of  oxygen  in  that  blood  at  on 
provokes   increased   respiratory  movements,   it   need   not   do 
under  other  nutritive  conditions  of  the  medulla.     By  transfusS 
a  large  proportion  of  the  haemoglobin  holding  blood  may  in 
animal  be  gradually  replaced  by  haemoglobimess   normal   saLi 
solution.     In  such  a  case  the  amount  of  oxygen  brought  to  "* 
medulla  by  the  diluted  blood  must  be  greatly  diminished,  £3 
yet,  if  the   change   be   made  suflSciently  slowly,  no  conspicu^ 
dyspnoea  is  produced ;  under  the  new  strange  nutritive  conditL  -• 
of  the  diluted  blood  the  medulla  is  not  affected  in  the  same  y^ 
as  before  by  lack  of  oxygen. 

§  373.     There  are. reasons  for  thinking  that  conditions  of 
blood,  other  than  variations  in  the  amount  of  oxygen  and  carbcia 
acid,  may  also  materially  affect  the  working  of  the  respirafc 
centre.     It  is   a  matter  of   common   experience   that   musc%— 
exertion,  especially  if  at  all  excessive,  increases  the  respirat> 
movements;  violent  exercise  soon  puts  a  man  "out  of  brea"* 
This    increased  activity  of   the   respiratory   centre   is    in   la- 
measure  at  all  events  caused  by  the  character  of  the  blood  wtn 
during  and  for  some  little  time  after  the  movements  is  carf 
to  the  medulla,  and  not  by  any  nervous  impulses  sent  up  to 
medulla  from  the  contracting  muscles.     Tnis  is  shewn  by 
fact  that  if  in  an  animal  the  spinal  cord  be  divided  in  the  do  3 
or  lumbar  region  and  the  hind  limbs  be  powerfully  tetanized, 
respiratory  movements  are   increased;   the   animal   pants  at^ 
would   do  if  it   hacl    been   running.     In   such   a  case  the   o 
connection  between  the   hind  limbs  and  the  respiratory  ce*:^ 
is  through  the  blood;  it  must  be   some   change   in    the   hi* 
caused  by  the  muscular  contractions  which  affects  the  med'i 
when  the  blood  passes  from  the  hind  limbs  to  be  distributee), 
the   heart  to  the  medulla.     Now  when   a  muscle  contracts 
consumption  of  oxygen  and  production  of  carbonic  acid,  especi-^ 
the  latter  (§  63),  are  increased;  the  blood  leaving  the  miE- 
18  more  venous  than  usual.     Hence  when  many  muscles  are  cr 
tracting  powerfully  the  blood  carried  to  the  right  side  of 
heart  is  more  venous  than  usual ;  and  we  might  expect  that  i' 
this  unusually  venous  blood  failing  to  be  adequately  arterialize^ 
the  lungs  and  hence  reacthing  the  medulla  from  the  left  side  of  ^ 
heart  in  a  more  venous,  less  completely  arterialized  condition  t>^ 
usual,  which  stirs  up  the  respiratory  centre  to  increased  activity 

On  examination  however  it  is  found  that  the  blood  leaving- 
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lefl  side  of  the  heart  in  such  cases,  is  not  less  arterialized  but  if 
anything  more  arterialized  than  usual.  The  increased  respiratory 
movements  induced  by  the  changed  blood  soon  prove  sufficient 
or  even  more  than  sufficient  to  give  the  blood  the  extra  quantity 
of  oxygen  and  to  remove  the  extra  quantity  of  carbonic  acid. 
Obviously  the  blood  coming  from  the  tetanized  muscles  aflfects 
the  respiratory  centre  by  virtue  of  some  quality  which,  unlike 
that  due  to  tne  deficiency  of  oxygen  or  excess  of  carbonic  acid, 
is  not  immediately  aflFected  by  the  passage  through  the  lungs. 
^^Tiether  the  quahty  in  question  be  dependent  on  an  excess  of 
s«iitolactic  acid,  or  on  some  other  product  or  products  of  muscular 
^^^tabolism,  we  do  not  as  yet  know.  But  the  fact  that  substances  in 
tHe  blood  may  so  affect  the  respiratory  centre  is  interesting  since 
^^  shews  by  now  many  safeguards  the  working  of  the  respiratory 
^^^utre  is  carefully  adapted  to  the  needs  of  the  economy. 

Thus  a  change  in  the  circumstances  surrounding  an  animal 
^^^y,  or  a  change  in  the  body  itself,  may  in  one  or  more  of 
veral  ways,  by  acting  as  a  stimulus  to  some  aff*erent  nerves  and 
sending  up  afferent  nervous  impulses  to  the  respiratory  centre, 
by  interfering  with  the  interchange  of  gases  in  the  lungs,  or  by 
otherwise  altering  the  proportion  of  the  gases  present  in  the  blood 
^"^^aching  the  respiratory  centre,  or  by  generating  or  increasing  in 
^liat  blood  some  substance  or  substances  tending  to  affect  the 
5^\itrition  of  the  respiratory  centre,  affect  the  working  of  the  all 
^^portant  breathing  mechanism.  And  the  affection  so  wrought  has 
ffenerally  an  adaptative  character,  it  generally  tends  to  protect 
^-lie  organism  against  the  evil  effects  of  the  change. 

§  374.  Apncea.  When  we  attempt  to  hold  our  breath,  we  find 
*liat  we  can  do  this  for  a  limited  time  only;  sooner  or  later  a 
breath  must  come ;  but,  as  is  well  known,  the  time  during  which 
"We  can  remain  without  breathing  may  on  occasion  be  much 
(Prolonged,  if  we  first  of  all  take  a  series  of  deep  breaths.  It  is 
X^robable,  though  perhaps  not  distinctly  proved,  that  when  we 
Oreathe  voluntarily,  or  when  by  an  act  of  the  will  we  hold  the 
^^espiratory  apparatus  in  any  one  respiratory  phase,  the  nervous 
X^npulses,  generated  by  the  will,  do  not  pass  down  by  a  direct  and 
luaependent  course  to  the  respiratory  muscles,  but  that  the  will 
xxiakes  use  or  modifies  the  activity  of  the  medullary  and  spinal 
Xi.ervou8  respiratory  mechanisms.  The  breath  sooner  or  later  in- 
itably  follows  because  at  last  the  natural  impulses  proceeding 
)m  the  respiratory  centre  become  too  imperious  to  be  any  longer 
li>eld  in  check  by  the  impulses  of  volition  passing  down  to  the 
oentre  from  the  brain.  The  fact  that  a  series  of  aeep  breaths,  a 
thorough  ventilation  of  the  lungs  postpones  the  victory  of  the 
unconscious  centre,  shews  that  such  a  ventilation  in  some  way 
delays  the  development  of  the  natural  respiratory  impulses.  A 
sinular  but  still  more  marked  delay  may  often  be  seen  in  an  animal 
under  artificial  respiration.     If  in  a  rabbit  artificial  respiration  is 
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carried  on  very  vigorously  for  a  while,  and  then  suddenly  stopped^ 
the  animal  does  not  immediately  begin  to  breathe.  For  a  variable 
period  no  respiratory  movements  at  all  take  place,  and  breathing- 
when  it  does  begin  occurs  gently  and  normally,  only  passing  into 
dyspnoea  if  the  animal  is  unable  to  breathe  of  itseli;  and  even 
then  the  transition  is  quite  gradual.  Evidently  during  this  period 
the  respiratory  centre  is  in  a  state  of  complete  rest,  no  explosions 
are  taking  place,  no  respiratory  impulses  are  being  generated,  and 
the  quiet  transition  from  this  condition  to  that  of  normal  respira- 
tion shews  that  the  subsequent  generation  of  impulses  is  attended 
by  no  great  disturbance.  Not  only  is  the  centre  at  rest,  but  it 
is  less  irritable  than  the  normal;  impulses  along  the  vaeus  or 
other  nerves  which  otherwise  would  produce  respiratory  explosions 
are  now  ineffectual.  This  state  of  things  is  known  as  that  of 
apncea,  the  converse  of  dyspnoea ;  and  the  longer  pause  in  breathing 
mentioned  above  as  possible  after  unusual  ventilation  of  the  lungs 
may  be  regarded  as  a  brief  apnoea. 

Now  it  seemed  natural  to  suppose  that  such  a  state  of  rest  of 
the  respiratory  centre  was  brought  about  by  the  more  than  neces- 
sarily ample  supply  of  oxygen  afforded  by  the  previous  increased 
inspiratory  movements ;  and  indeed  it  was  maintained  that  apnoea. 
was  the  result  of  too  great,  iust  as  dyspnoea  is  the  result  of  too 
little  arterialization  of  the  blood  reaching  the  respiratory  centre. 
It  was  argued  that  owing  to  the  increased  vigour  of  the  artificial 
respiratory   movements   the   haemoglobin   of   the  arterial    bloody 
which  in  normal  breathing  is  not  quite  saturated  with  oxygem,, 
became  almost  completely  so,  and  that  at  the   same    time  th.c« 
cjuantity  of  oxygen  simply  dissolved  in  the  blood  became  largeL^^ 
increased   and   its   tension   largely   augmented.     But   there 
"'easons  which  render  such  a  view  untenable.     In  the  first 
there  is  no  direct  and  satisfactory  proof  that  in  apnoea  the 
blood  is  overloaded  with  oxygen  as  supposed ;  indeed  during 
course  of  apnoea  before  it  has  come  to  an  end  the  blood  beconc^* 
distinctly  less  arterial,  more  venous  than  usual.     In  the   seco: 
place  apnoea  if  not  entirely  impossible,  is  much  more  difficult 
bring  about  when  both  vagus  nerves  are  divided,  and  if  it  d- 
occur  after  section  of  the  vagus  nerves  has  not  the  same  characi 
as   ordinary   apnoea.     Now,  when   artificial   respiration  is  be: 
carried  on  section  of  the  vagus  nerves  can  have  no  eflTect  on 
<juantity  of  oxygen  taken   up  by  the  blood  in  the  lungs, 
the  vagus   nerves    are   the    channel   of   impulses  affecting 
respiratory  centre,  and  this  relation  of  the  apnoea  to  the  vi 
nerves   suggests  another  and  different  interpretation  of  apn< 
As  we  have  seen,  expansion  of  the  lung  hy  acting  in  some 
oT  other  on   the   pulmonary   terminations   of   the   vagus   nei 
sends  up  along  that  nerve  impulses   which   inhibit   inspiratr 
And   it  is  argued   that  repeated  forcible  inflations  of  the  lu 
produce  apnoea  by  generatmg  potent  inhibitory  impulses,  wl 
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by  a  kind  of  summation  of  their  effects  in  the  medulla  stop  for 
a  while  the  generation  of  respiratory  impulses  in  the  respiratory 
centre.     This  conclusion  moreover  is   strongly  supported  by  the 
feet  that   an  apncea   may   be   produced,  so   long  as   the   vagus 
nerves  are  intact,  by  forcible  artificial  respiration  with  hydrogen 
instead   of  atmospheric  air;   in  other  words,  the  inhibitory  im- 
pulses  generated    in    the    vagus    nerves    by   the    inflation   aie 
sufficient   wholly  to   neutralize  the   development   of  respiratory 
impulses  which  the  deficient  arterialization  of  the  blood  would 
otherwise   have   produced.     The   exact  nature  and  development 
of  such   a  summation    of  inhibitory  impulses,  especially  in  the 
presence  of  correlative  augmentative  impulses  called  forth  by  the 
^^rresponding  successive  collapses  of  the  lungs,  is  too  complex  a 
**^atter  to  be  dwelt  on  here.    Moreover  an  apnoea  may  be  produced 
^l^ough,  as  we  have  said,  with  difficulty  after  section  of  both  vagus 
?^^rve8;  but  in  this  case  air  and  not  hydrogen  must  be  used  for 
^^flation,  the  use  of  the  latter,  in  contrast  to  the  result  when  the 
^^rves  are  intact,  leading  to  dyspnoea.     The  subject   cannot   as 
^<et  be  considered  as  fully  cleared  up.     That  apnoea  as  ordinarily 
l^Toduced  is  in  some  way  the  result  of  inhibitory  impulses  gene- 
^*^ted  by  the  inflations  can  however  hardly  be  doubted. 

§  376.     Secondary  Respiratory  Rhythm,     CheyneStokes  Re- 

"^^roHotL     A   remarkable   abnormal  rhythm  of  respiration,  first 

^dlbserved  by  Cheyne  but  afterwards  more  fully  studied  by  Stokes, 

^nd   hence   called  by  their  combined  names,  occurs   in   certain 

^Mithological  cases.     The  respiratory  movements  gradually  decrease 

loth  in  extent  and  rapidity  until  they  cease  altogether,  and  a 

^^ndition  of  apnoea,  lasting  it  may  be  for  several  seconds,  ensues. 

This  is  followed  by  a  feeble  respiration,  succeeded  in  turn  by  a 

somewhat  stronger  one,  and  thus  the  respiration  returns  gradually 

to  the  normal,  or  may  even  rise  to  hyperpnoea  or  slight  dyspnoea, 

niter  which  it  again  declines  in  a  similar  manner.     A  secondary 

rhythm  of  respuution  is  thus  developed,  periods  of  normal  or 

slightly  dyspnoeic  respiration  alternating  by  gradual   transitions 

^th   periods  of  apnoea.     The   cause  of  the   phenomena  is  not 

thoroughly  understood.     Whether  the  waning  and  waxing  of  the 

xespiratory  movements  be  due  to  corresponding  rhythmic  changes 

in  the  nutrition  of  the  respiratory  centre  itself,  or  to  a  rhythmic 

increase  and  decrease  of  inhibitory  impulses  playing  upon  that 

centre   from   other   parts  of  the  body,  for  instance  from  higher 

regions  of  brain,  has  not  yet  been  settled.     It  frequently  appears 

in  connection  with  a  fatty  condition  of  the  heart,  but  has  been 

met  with  in  various  maladies.     Closely  similar  phenomena  have 

been  observed   during  sleep,  under  perfectly  normal  conditions; 

and  this  fact  is  rather  in  favour  of  the  latter  of  the  two  expla- 

iiAtiions  just  given.     The  phenomena  present  a  striking  analogy 

ivdtih  the  'groups'  of  heart-beats  so  frequently  seen  in  the  frog's 

ventricle  placed  under  abnormal  circumstances. 


SEC.   8.     THE  EFFECTS    OF    CHANGES    IN   THE    COMPO- 
SITION AND   PRESSURE  OF  THE  AIR  BREATHED, 


§  376.  The  preceding  sections  have  shewn  us  that  the  respira- 
tory mechanism  is  arranged  to  work  satisfactorily  when  the  lungs 
are  adequately  supplied  with  air  of  the  ordinary  composition  of, 
and  at  the  ordinary  pressure  of  the  atmosphere.  We  have  further 
seen  that  the  mechanism  can  adapt  itself  within  certain  limits  to 
changes  in  the  composition  and  pressure  of  the  air  supplied. 
We  may  now  consider  briefly  what  takes  place  when  those  mnits 
are  overstepped.  The  most  striking  effects  are  seen,  when,  on 
account  of  occlusion  of  the  trachea,  or  by  breathing  in  a  confined 
space,  or  for  other  reasons,  a  due  supply  of  air  not  being  obtained, 
normal  respiration  gives  place,  through  an  intermediate  phase  of 
dyspnoea,  to  the  condition  known  as  asphyxia;  this,  unless  remedial 
measures  be  taken,  rapidly  proves  fatal. 

Asphyxia,  As  soon  as  the  blood  becomes  less  arterial,  more 
venous  than  normal,  the  respiratory  movements  become  deeper 
and  at  the  same  time  more  frequent ;  both  the  inspiratory  and 
expiratorv  phases  are  exaggerated,  the  supplementary  muscles 
spoken  of  §  334  are  brought  mto  play,  and  the  rate  of  the  rhythm 
is  hurried.  These  effects,  as  we  have  seen,  are '  chiefly  to  be 
ascribed  to  the  deficiency  of  oxygen  in  the  blood 

As  the  blood  continues  to  become  more  and  more  venous  the 
respiratory  movements  continue  to  increase  both  in  force  and 
frequency,  a  larger  number  of  muscles  being  called  into  action 
and  that  to  an  increasing  extent.  Very  soon,  however,  it  may 
be  observed  that  the  expiratory  movements  are  becoming  more 
marked  than  the  inspiratory.  Every  muscle  which  can  m  any 
way  assist  in  expiration  is  in  turn  brought  into  play  ;  and  at  last 
almost  all  the  muscles  of  the  body  are  involved  in  the  struggle. 
The  orderly  expiratory  movements  culminate  in  expiratory  con- 
vulsions, the  onler  and  sequence  of  which  are  obscured  by  their 
violence  and  extent.  That  these  convulsions,  through  which 
dyspnoea  merges  into  asphyxia,  are  due  to  a  stimulation  (by  the 
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^'^nous  blood)  of  the  medulla  oblongata,  is  proved  by  the  fact  that 
th.^  fail  to  make  their  appearance  when  the  spinal  cord  has  been 
•viously  divided  below  the  medulla,  though  they  still  occur 
.«r  those  portions  of  the  brain  which  lie  above  the  medulla  have 
s^n  removed.  It  is  usual  to  speak  of  a  'convulsive  centre'  in 
^he  medulla,  the  stimulation  of  which  gives  rise  to  these  con- 
'^'vxlsions ;  but  if  we  accept  the  existence  of  such  a  centre  we  must 
^t^  the  same  time  admit  that  it  is  connected  by  the  closest  ties 
'^^T.th  the  normal  expiratory  division  of  the  respiratory  centre,  since 
^^'V'cry  intervening  step  may  be  observed  between  a  simple  slight 
^^^^piratory  movement  of  normal  respiration  and  the  most  violent 
^^o^vulsion  of  asphyxia.  An  additional  proof  that  these  convulsions 
carried  out  by  the  agency  of  the  medulla  is  afforded  by  the  fact 
L«t  convulsions  of  a  wholly  similar  character  are  witnessed  when 
e  supply  of  blood  to  the  medulla  is  suddenly  cut  off  by  ligaturing 
l€  blood  vessels  of  the  head.  In  this  case  the  nervous  centres, 
sing  no  longer  furnished  with  fresh  blood,  become  rapidly 
^phyxiated  through  lack  of  oxygen,  and  expiratorj'  convulsions 
^viite  similar  to  those  of  ordinary  asphyxia,  and  preceded  like  them 
^y  a  passing  phase  of  dyspnoea,  make  their  appearance.  Similar 
^Bsmie'  convulsions  are  seen  after  a  sudden  and  large  loss  of 
V>lood  from  the  body  at  large,  the  medulla  being  similarly 
stimulated  by  the  lack  of  arterial  blood.  In  ordinary  fainting, 
'^^''liich  is  loss  of  consciousness  due  to  an  insuflScient  supply  of 
l>lood  to  the  brain,  the  diminution  of  blood  supply  is  not  great 
lough  to  produce  these  convulsions. 

Such  violent  efforts  speedily  exhaust  the  nervous  system ;  and 

le  convulsions  after  being  maintained  for  a  brief  period  suddenly 

and  are  followed  by  a  period  of  calm.     The  calm  is  one  of 


^^haustion;  the  pupils,  dilated  to  the  utmost,  are  unaffected  by 

*i^ht;  touching  the  cornea  calls  forth  no  movement  of  the  eyelids, 

^^-^fed  indeed  no  reflex  actions  can  anywhere  be  produced  by  the 

stimulation  of  sentient  surfaces.     All  expiratory  active  movements 

*X»ve  ceased ;  the  muscles  of  the  body  are  flaccid  and  quiet ;  and 

'^Viough  fit)m  time  to  time  the  respiratory  centre  gathers  suflScient 

Energy  to  develope  respiratory  movements,  these  resemble  those  of 

^uiet  normal  breathing,  in  being,  as  far  as  muscular  actions  are 

^^ncemed,  almost  entirely  inspiratory.     They  occur  at  long  intcr- 

"Vals,  like  those  after  section  of  the  vagi ;  and  like  them  are  deep 

^nd  slow.     The  exhausted  respiratory  centre  takes  some  time  to 

develope  an  inspiratory  explosion;  but  the  impulse  when   it  is 

generated  is  proportionately  strong.     It  seems  as  if  the  resistance 

which  had  in  each  case  to  be  overcome  was  considerable,  and 

the  effort  in  consequence,  when  successful,  productive  of  a  large 

effect 

Very  soon,  these  inspiratory  efforts  become  less  frequent; 
their  rhjrthm  becomes  irregular ;  long  pauses,  each  one  of  which 
seems   a  final  one,  are  succeeded   by  several   somewhat  rapidly 
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repeated  inspirations.  The  pauses  become  longer,  and  the  in- 
spiratory movements  shallower.  Each  inspiration  is  accompanied 
by  the  contraction  of  accessory  muscles,  especially  of  the  face,  so 
that  each  breath  becomes  more  and  more  a  prolonged  gasp.  The 
inspiratory  gasps  spread  into  a  convulsive  stretching  of  the  whole 
body;  and  with  extended  limbs,  and  a  straightened  trunk,  with  the 
head  thrown  back,  the  mouth  widely  open,  the  face  drawn,  and 
the  nostrils  dilated,  the  last  breath  is  taken  in. 

Thus  we  are  able  to  distinguish  three  stages  in  the  phenomena 
which  result  from  a  continued  deficiency  of  air:  (1)  A  stage  of 
dyspnoea,  characterized  by  an  increase  of  the  respiratory  move- 
ments both  of  inspiration  and  expiration.  (2)  A  convulsive  stage, 
characterized  by  the  dominance  of  the  expiratory  efforts,  and 
culminating  in  general  convulsions.  (3)  A  stage  of  exhaustion,  in 
which  lingering  and  long-drawn  inspirations  gradually  die  out. 
When  brought  about  by  sudden  occlusion  of  the  trachea  these 
events  run  through  their  course  in  about  4  or  5  minutes  in  the 
dog,  and  in  about  3  or  4  minutes  in  the  rabbit.  The  first  sta^ 
passes  gradually  into  the  second,  convulsions  appearing  at  the  end 
of  the  first  minute.  The  transition  from  the  second  stage  to  the 
third  is  somewhat  abrupt,  the  convulsions  suddenly  ceasme  early 
in  the  second  minute.  The  remaining  time  is  occupied  in  the 
third  stage. 

The  duration  of  asphyxia  varies  not  only  in  different  animals 
but  in  the  same  animal  under  different  circumstances.  Newly 
bom  and  young  animals  need  much  longer  immersion  in  water 
before  death  by  asphyxia  occurs  than  do  adults.  Thus  while  in  a 
full-grown  dog  recovery  firom  drowning  is- unusual  after  1^  minutes, 
a  new-bom  puppy  has  been  known  to  bear  an  immersion  of  as 
much  as  50  minutes.  The  cause  of  the  difference  lies  in  the  fact 
that  in  the  quite  young  or  rather  just  bom  animal  the  respiratory 
changes  of  the  tissues  are  much  less  active.  These  consume  less 
oxygen,  and  the  general  store  of  oxygen  in  the  blood  has  a  less 
rapid  demand  made  upon  it.  The  respiratory  activity  of  the 
tissues  may  also  be  lessened  by  a  deficiency  in  the  circulation; 
hence  bodies  in  a  state  of  syncope  at  the  time  when  the  depriva- 
tion of  oxygen  berins  can  endure  the  loss  for  a  much  longer  period 
than  can  bodies  m  which  the  circulation  is  in  full  swing.  There 
being  the  same  store  of  oxygen  in  the  blood  in  each  case,  the 
quicker  circulation  must  of  necessity  bring  about  the  speedier 
exhaustion  of  the  store.  So  also  anaesthetics  may  diminish  the 
effects  and  delay  the  final  results ;  large  doses  of  anaesthetics  may 
prevent  the  exaggerated  and  convulsive  movements.  In  many 
cases  of  drowning,  death  is  hastened  by  the  entrance  of  water 
into  the  lungs. 

By  training,  the  respiratory  centre  may  be  accustomed  to  bear 
a  scanty  supply  of  oxygen  for  a  much  longer  time  than  usual 
before  dyspnoea  sets  in,  as  is  seen  in  the  case  of  divers. 
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The  phenomena  of  slow  asphyxia,  where  the  supply  of  air  is 
^T^adually  diminished,  are  fundamentally  the  same  as  those  result- 
from  a  sudden  and  total  deprivation.  The  same  stages  are 
I,  but  their  development  takes  place  more  slowly. 
§377.  Deficiency  of  air  results  not  only  in  a  diminution 
ojT  the  oxygen  but  also  in  an  increase  of  the  carbonic  acid  of 
!  blood.  We  have  seen  however  (§  372)  that  the  phenomena 
asphyxia  are  in  the  main  due  to  the  former,  and  that  the 
^<:>cumuiation  of  carbonic  acid  in  the  blood  has  subsidiary 
^flRects  only. 

If  the  percentage  of  oxygen  in  the  inspired  air  be  increased 

^^istead  of  diminished,  the  total  pressure  of  the  atmosphere  re- 

**i^nxiig  the  same,  the  partial  pressure  of  the  oxygen  alone  being 

^^li^ngea,  no  marked  results  follow.     We  have  already  seen  (§  354) 

^H«it  the  percentage  of  oxygen  in  the  ordinary  atmosphere  leaves  a 

'^ide  mai^gin  of  safetv,  and  that  (§  374)  the  phenomena  of  apnoea 

^         in  the  main  at  least  to  be  explained  as   the   result   not   of 

increase  in  the  oxygen  of  the  blood  but  of  nervous  impulses 

^soending  the  vagus  nerves.    We  have  no  satisfactory  evidence  that, 

l^i>ovided  the  respiratory  mechanism  is  in  good  working  order,  an 

^^crease  of  oxygen  in  the  inspired  air  even  to  a  whole  atmosphere 

^^riously  mo(ufies  the  respiratory  act;  and   it  may  be  doubted 

whether  any  effect  is  produced  even   when   the  mechanism   is 

^^^paired. 

§  378.     The   composition   of   the   atmosphere,   the   pressure 
^^maining  the   same,  may  be  modified  by  the   introduction   of 
foreign  gases.     To  some  of  these  the  respiratory  mechanism  is 
^^different;  for  instance,  hydrogen  may  be  substituted  for  nitrogen 
"^thout  any  change  in  the  respiration,  provided  of  course  that  the 
^Xygen  is  not  diminished.    Other  gases  may  produce  poisonous 
effects,  either  by  interfering  with  some  of  the  respiratory  processes 
or  in  other  ways.     Thus  carbon  monoxide,  by  combining  with  the 
*^8emoglobin  of  the  red  corpuscles,  and  so  preventing  the  corpuscles 
from  acting  as  oxygen  carriers,  produces  asphyxia  through   de- 
ficiency of  oxygen.     Sulphuretted  hydrogen  interferes  with   the 
oxygenation  of  the  blood  by  acting  as  a  reducing  agent.     Some 
K^ses  while  allowing  the  ordinary  respiratory  changes  of  the  blood 
^  go  on  as  usual  produce  toxic  effect  by  acting  on  one  or  other  of 
^he  tissues.     Thus,  as  we  have  seen,  an  excess  of  carbonic  acid  in 
^he  blood  seems  to  have  a  special  effect  on  the  central  nervous 
'yBtem  and  so  acts  as  a  narcotic  poison.     The  peculiar  effects  of 
^trous  oxide  (laughing  gas)  are  similarly  due  to  the  direct  action 
^^   the  gas  in  the  blood  on  the   central  nervou.s   system.     Some 
S'^^es  are  irrespirable  and   may  interfere  with  respiration,  even 
fusing  suffocation,  on  account  of  their  causing  spasm   of  the 
8*ottis,  and  this  is  said  to  be,  to  a  certain  extent,  the  case  with 

^  atmosphere  which  is  wholly  or  largely  composed  of  carbonic 
acid 

F.  Z^ 
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§  379.     The  Effects  of  Changes  in  Atmospheric  Pressure.     Di- 
minution of  pressure.    The  partial  pressure  of  the  oxygen  in  the 
inspired  air  may  be  changed,  not  only  by  altering  the  composition 
of  the  air  entering  at  the  ordinary  atmospheric  pressure,  but  also  by 
altering  the  total  pressure  of  the  atmosphere  without  changing  its 
composition.     The  results  of  the  latter  are  however  complicated ; 
we  have  then  to  deal  not  merely  with  the  effects  on  the  interchange 
of  gases  in  the  lungs  but  with  the  effects  on  the  whole  organism. 
All  the  complicated  machinery  of  the  body  is  adapted  and  arranged 
to  work  under  what  we  may  call  ordinary  atmospheric  pressure, 
that  is  to  say,  within  the  limits  of  760  mm.  mercury  at  the  sea 
level  and  about  500  mm.,  corresponding  to  an  altitude  of  6000  feet, 
this  being  the  range  of  ordinar}*  human  dwellings.     Any  great 
increase  or  decrease  of  pressure  beyond  these  limits  will  affect  not 
only  the  exit  of  carbonic  acid  from  and  the  entrance  of  oxygen 
into  the  blood,  but,  in  varying  degree,  all  the  physical  and  chemical 
processes  of  the  body.     A  gross  instance  of  this  is  seen  when  an 
animal  is  suddenly  subjected  to  a  great  diminution  of  pressure,  as 
when  it  is  placed  in  the  receiver  of  an  air-pimfip  and  the  receiver 
rapidly  exhausted.    The  animal  is  soon  thrown  into  fatal  convulsions, 
which  are  in  part,  but  only  in  part,  due  to  the  liberation  of  gas 
from  the  blood  within  the  blood  vessels;   the  gas  so   set   free 
mechanically  interferes  with  the  circulation,  as  by  obstructing  the 
play  of  the   cardiac  valves,  or  by  plug^g   the  smaller  blood 
vessels,  and  thus  helps  to  bring  the  machine  to  a  standstill     The 
free  gas  found  in  the  vessels  upon  examination  after  death  is  said 
to  be  composed  chiefly  of  nitrogen,  the  carbonic  acid  and  the 
oxygen,  which  probably  were  also  set  free,  having  been  reabsorbed 
before  the  examination  was  made. 

But,  (juite  apart  from  gross  effects  of  this  kind,  it  is  very 
obvious  that  the  organism  must  in  many  ways  suffer  fix)m  a 
diminution  of  pressure.     The  complex   and  delicately  balanced    _ 

vascular  system  is  constructed   to  work  at  the  ordinary  atmo-  

spheric   pressure.     The   force  of   the   heart-beat  and   the  tonic^::^^^ 
contraction  of  the  small  arteries  are,  so  to  speak,  pitched  to  meet^  -^=^1 
the  influence  exerted  on  the  outside  of  the  blood  vessels  by  th 
ordinary  pressure  of  the  atmosphere;  and  any  great  diminutioi 
of  that  pressure  must  produce  a  greater  or  less  (usarrangement 
the   vascular   mechanism   until   it   is   counterbalanced    by  som* 
compensating  changes.     And  a  little  reflection  will  supply  man 
other  instances. 

We  have  already  called  attention  (§  354)  to  the  fact  that,  tlr     .je 
total  pressure  of  the  atmosphere  remaining  the  same,  the  partias^ 
pressure  of  the  oxygen  in  the  inspired  air  may  be  reduced  as  lo 
as    about    76  mm.    (10  p.c.)    without    seriously    modifying    tl 
respiration.     In  order  to  attain  this  diminution  of  the  parti— -al 
pressure  of  the  oxygen  without  changing  the  composition  of  tWrie 
atmosphere,  the  total  pressure  of  the  atmosphere  must  be 


^>^ 


.  II.]  RESPIRATION.  611 

to  the  limit  of  300  mm.,  corresponding  to  an  altitude  of  17000  feet. 
Now  it  is  a  matter  of  common  experience  that  in  ascending  a 
mountain  "distress"  is  felt  lone  before  such  an  altitude  is 
r^ecM^hed.  The  distress  felt  on  such  occasions  is  probably  due  not 
«o  much,  if  indeed  at  all  directly,  to  the  diminution  of  oxygen  as 
to  a  general  disarrangement  of  the  organism  and  perhaps  more 
particularly  of  the  vascular  system.  The  nose-bleeding  which  is 
»<o  frequent  an  occurrence  under  the  circumstances  shews  that  the 
Tiiinute  blood  vessels  more  directly  exposed  to  the  diminution  of 
pressure  are  profoundly  aflfected  by  it ;  and  what  is  true  of  them 
IS,  probably,  in  various  ways  and  to  dififercnt  degrees  true  of  the 
'W^hole  vascular  system.  The  breathlessness  which  is  so  marked  a 
fe&ture  on  these  occasions  seems  due  not  so  much  to  the  fact  that 
the  blood  which  reaches  the  respiratory  nervous  centres  is  deficient 
m  oxygen,  as  to  the  fact  that  the  troubled  vascular  system  fails  to 
^ieliver  to  those  centres  their  blood  in  an  adequate  fashion. 

It  is  a  feature  of  the  vascular  system,  and  indeed  of  the  other 
mechamsms  of  the  body,  in  which  nervous  factors  intervene,  that 
^hey  possess  the  power  of  adapting  themselves  to  changed  con- 
<^Utions ;  and  as  it  is  well  known,  the  human  organism  somewhat 
J^pidly  becomes  accustomed  to  these  moderate  altitudes.  Practice 
^lid  custom  have  far  less  eflfect,  though  they  have  some,  on  the 
ixiore  fundamental  processes  depending  on  the  actual  supply  of 
oxygen ;  and  it  is  at  the  extreme  altitudes,  where  in  addition  to 
^he  other  troubles  a  deficiency  of  oxygen  definitely  makes  itself 
^^It,  that  the  body  seems  to  fail  in  adapting  itself  to  the  new 
^^ircumstancea 

The  addition  of  these  troubles  not  directly  respiratory  in 
^Utture,  when  the  supply  of  oxygen  is  diminished  by  a  diminution 
^f  the  total  pressure,  perhaps  explains  why  though  an  adequate 
lowering  of  pressure  will  produce  asphyxia,  that  asphyxia  is 
Somewhat  different  from  the  ordinary  asphyxia  due  to  deprivation 
of  air  or  oxygen.  Convulsions  which  are  essential  to  ordinary 
^phyxia  are  at  times  wholly  absent;  the  nervous  sjrstem  under 
^he  peculiar  conditions  does  not  respond  to  the  stimulus  of  the 
lack  of  oxygen;  and  other  nervous  symptoms,  such  as  a  rapid  onset 
of  feebleness  amounting  almost  to  paralysis,  are  apt  to  make  their 
appearance. 

1 380.  Tlie  Effects  of  Increase  of  Atmospheric  Pressure.  These 
are  m  many  ways  remarkable.  Up  to  a  pressure  of  several  atmo- 
spheres of  air,  the  only  symptoms  which  present  themselves  are 
tKose  somewhat  resembling  narcotic  poisoning.  The  animal 
•becomes  sleepy  and  stupid,  the  result  probably  not  so  much  of 
'■respiratory  changes,  as  of  the  effects  of  the  increased  pressure  on 
the  whole  organism  to  which  we  have  just  alluded.  At  a  pressure 
however  of  15  atmospheres  of  air,  or  what  amounts  to  the  same 
*hing,  of  3  atmospheres  of  oxygen,  and  upwards,  a  very  remarkable 
phenomenon  presents  itself.    The  animals  die  of  asphyxia  and 

39—2 
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coDvulsions,  exactly  in  the  same  way  as  when  oxygen  is  deficL^ 
Corresponding  with  this  it  is  found  that  the  production  of  carb<=> 
acid  is  diminished.  That  is  to  say,  when  the  pressure  of 
oxygen  is  increased  beyond  a  certain  limit,  the  oxidations  of 
body  are  diminished,  and  with  a  still  further  increase  of 
oxygen  are  arrested  altogether.  The  oxidation  of  phosphon: 
perhaps  analogous ;  at  a  high  pressure  of  oxygen  phosphorus  ^ 
not  bum.  Not  only  animsdb  but  plants,  bacteria,  and  orgaoX 
ferments,  are  similarly  killed  by  a  too  great  pressure  of  oxygen. « 


sec.  9.    the  relations  of  the  respiratory 
System  to  the  vascular  and  other  systems. 


§  381.     Many  events  in  the  body  shew  the  influence  which  the 

ipiratory  movements  exert  on  the  circulation.     When  the  brain 

^iT    *  li^i^g  mammal  is  exposed  by  the  removal  of  the  skull,  a 

^^ythmic  rise  and  fall  of  the  cerebral  mass,  a  pulsation  of  the 

•^■Jain,  quite  distinct  from  the  movements  caused  by  the  pulse  in 

^•^^  arteries  of  the  brain,  is  observed ;   and  upon  examination  it 

^'ill  be  found  that  these  movements  are  synchronous  with  the 

^■^^piratory  movements,  the  brain  rising  up  during  expiration  and 

^^tiking  during  inspiration.     They  disappear   when  the   arteries 

Roing  to  the  brain  are  ligatured,  or   wnen  the  venous  sinuses 

^f  the  dura  mater  are  laid  open  so  as  to  admit  of  a  free  escape 

^f   the  venous  blood.     They  evidently  arise  from  the  expiratory 

•J^ovements   in   some   way  hindering   and   the  inspiratory  move- 

•Jaents  assisting  the  return  of  blood  from  the  brain.     We  have 

^^li^eady    (S  116)  stated  that  during   inspiration  the  pressure  of 

Wood  m  the  great  veins  may  become  negative,  i.e.  may  sink  below 

^H«  pressure  of  the  atmosphere ;  and  a  puncture  of  one  of  these 

VffeiaB  may  cause  death  by  air  being  actually  drawn  into  the  vein 

^^d  thus  into  the  heart  during  an  inspiratory  movement.     When 

^li«  veins  of  an  animal  are  laid  bare  in  the  neck  and  watched, 

^Oc  so-called  pulsus  venosus  may  be  observed  in  them,  that  is,  they 

^^ell  up  during  expiration  and  diminish  again  during  inspiration. 

-A-iad  indeed  a  httle  consideration  will  shew  that  the  expansion  and 

^oxitraction  of  the  chest  must  have  a  decided  eflfect  on  the  flow  of 

Wood  through  the  thoracic  portion  of,  and  thus  indirectly  on  that 

^*^»ough  the  whole  of,  the  vascular  system. 

This  is  well  illustrated  by  the  effects  of  respiration  on  arterial 

Wcod-pressure.     We  have  seen,  while  treating  of  the  circulation, 

^uat  the  arterial  blood-pressure  curves  are  marked  by  undulations, 

^kich,  since  their  rhythm  is  synchronous  with  that  of  the  respi- 

^Woiy   movements,  are   evidently  in   some   way  connected  with 
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respiration.    Similar  undulations  may  be  observed  in  1 
tracings  taken  from  man. 


Fio.  85.    Ck)MFARi80N  OF  Blood-Prbssubb  Curve  with  Curvb 

Intra-thoracic  Pressure.    (Dog.) 

a  is  the  blood-pressnre  curve  taken  by  means  of  a  mercury  manometc 
the  respiratory  undulations,  the  slower  beats  on  the  descent  being  v< 
b  is  the  curve  of  intra-thoracic  pressure  obtained  by  connecting  on< 
manometer  with  the  pleural-cavity.  Inspiration  begins  at  i\  ezpir. 
With  the  beginning  of  inspiration  (i)  the  expansion  of  the  chest  cau84 
fall  of  the  mercury  in  the  intra-thoracic  manometer ;  but  the  effect  soon 
since  the  lessening  of  intra-thoracic  pressure  does  not  bear  on  the  mano 
but  on  the  lungs  also;  and  as  the  lungs  expand  more  and  more  the 
mercury  becomes  less  and  less  until  towards  the  end  of  inspiratioi 
becomes  very  nearly  a  straight  line.  Conversely,  the  return  of  the  c 
beginning  of  expiration  (e)  produces  at  first  a  marked  rise  of  the  mer^ 
manometer ;  but  this  soon  ceases  as  the  air  leaves  the  chest  and  the  lu 
whereupon  the  mercury  falls  slowly. 

• 

When  these  undulations  of  the  blood-pressure  c 
compared  carefully  with  the  respiratory  movements  or 
variations  of  intra-thoracic  pressure,  what  is  most  c 
observed  is  that  while  the  blood-pressure,  on  the  wh 
during  inspiration  and  falls  during  expiration  neither  th« 
the  fall  is  exactly  synchronous  with  either  inspiration  or  e: 
Fig.  85  shews  two  tracings  from  a  dog  taken  at  the  sa 
one,  a,  being  the  ordinary  blood-pressure  curve  from  th< 
and  the  other,  6,  representing  the  condition  of  the  intn 
pressure  as  obtained  by  carefiiUy  bringing  a  manom 
connection  with  the  pleural  cavity.  On  comparing 
curves  it  is  evident  that  neither  the  rise  nor  the  fall  o 
pressure  coincides  exactly  either  with  inspiration  or 
piration.  At  the  beginning  of  inspiration  (i)  the  arterial 
18  seen  to  be  falling ;  it  soon  however  begins  to  rise,  but 
reach  the  maximum  until  some  time  after  expiratioi 
begun ;  the  fall  continues  during  the  remainder  of  expin 
passes  on  into  the  succeeding  inspiration.  This  suggests 
that,  while  inspiration  tends  to  increase  and  expiration  to 
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the  blood-pressure,  there  are  causes  at  work  which  in  each  case 
delay  the  effect. 

Extended  observations  however  shew  that  such  a  relation  as 
that  shewn  in  the  figure  though  frequent  is  not  constant  In  fact 
the  eflfects  of  the  respiratory  movements  on  blood-pressure  are 
found  to  vary  very  widely  according  as  the  respiration  is  quick  or 
*ilow,  easy  and  shallow,  or  laboured  and  deep,  and  especially  as  the 
^r  enters  into  the  chest  readily  or  with  difficulty.  Moreover, 
J^spiratory  undulations  of  blood-pressure  are  seen  not  only  with 
'^tufal  but  also  with  artificial  respiration;  in  the  latter  the 
'Mechanical  conditions  are  to  a  large  extent  the  reverse  of  those  of 
^he  former,  and  might  fairly  be  expected  to  affect  the  circulation 
?M  a  different  way.  The  causation  of  these  respiratory  undulations 
f*'  in  fact  complex.  The  respiratory  act  affects  the  vascular  system 
^^  several  different  ways,  and  the  general  effect  varies  according 
^^  one  or  other  influence  is  predominant.  These  several  actions 
^^e  sufficiently  interesting  and  important  to  deserve  discussion. 

§  382.     The  heart  and  great  blood  vessels  are,  like  the  lungs, 

JPlaced  in  the  air-tight  thoracic  cavity,  and  are  subject  like  the 

*Ung8  to  the  pumping  action  of  the  respiratory  movements.    Were 

^here  no   lungs  present   in   the   chest,  the   whole   force   of  the 

^^pansion   of    the   thorax   in   inspiration   would   be   directed   to 

^rawing  blood  from  the  extra-thoracic  vessels  towards  the  heart, 

^nd  conversely  in  expiration  the  effect  of  the  return  of  the  thorax 

^  its  previous  dimensions  would  be  to  drive  the  blood  thus  drawn 

^ti  back  again  from  the  heart  towards  the  extra-thoracic  vessels. 

-Ajid,  even  in  the  presence  of  the  lungs,  some  of  this  effect  is  still 

tklL     The  main  purpose  and  the  mam  result  of  the  expansion  of 

the  chest  in  inspiration  is  of  course  to  draw  air  into  the  lungs ;  by 

that  expansion  the  air  in  the  pulmonary  alveoli  is  rariiied  and 

l>rought  to  a  lower  pressure  than  that  of  the  atmosphere  outside 

the  cnest ;  and  the  difference  of  pressure  thus  set  up  leads  to  an 

inrush  of  inspired  air  until  an  equilibrium  of  pressure  is  established 

fcetween  the  air  in  the  lungs  and  that  outside  the  chest.     Before 

however  the  inspired  air  can  fill  a  pulmonary  alveolus  the  elastic 

vralls  of  the  alveolus  have  to  be  distended,  and  that  distension  is 

effected  by  means  of  the  pressure  which  causes  the  inspired  air  to 

<5nter.     Part  of  the  atmospheric  pressure  in  fact  which  causes  the 

entrance  of  the  air  into  the  lung  is   spent   in  overcoming  the 

elasticity  of  the  pulmonary  passages  and  cells.     So  that  while  by 

the  inrush  of  inspired  air  the  difference  of  pressure  between  the 

Skir  inside   the   pulmonary   alveoli   and   that   outside   the   chest, 

brought  about  by  the  thoracic  expansion,  is  completely  neutralized, 

the  difference   between  the   pressure  to  which  the   parts   lying 

''^ifchin  the  thorax  but  outside  the  lungs  are  exposed  and  that 

outside  the  chest  is  not  so  completely  neutralized.     The  pressure 

oo  these  parts  always  falls  short  of  the  pressure  of  the  atmosphere 

^y  the  amount  of  pressure  necessary  to  counterbalance  the  elas- 
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ticity  of  the  pulmonar)'^  passages  and  alveolL     Consequently,  any  ^< 

structure  lying  within  the  thorax  but  outside  the  lungs,  is  never,  ," 

even  at  the  conclusion  of  an  inspiration  when  the  lungs  are  filled  i 

with  air,  subject  to  a  pressure  as  great  as  that  of  the  atmosphere. 
And,  since  the  fraction  of  the  atmospheric  pressure  which  is  thus  ^ 

spent  in  distending  the  lungs  increases  as  tne  lungs  become  more  ^ 

and  more  stretched,  it  follows  that  the  fuller  the  inspiration  the 
greater  is  the  difference  between  the  pressure  on  structures  within 
the  thorax  but  outside  the  lungs  and  the  ordinary  pressure  of  the 
atmosphere.  Now  we  have  seen  that  the  pressure  uecessar}' 
to  counterbalance  the  elasticity  of  the  limgs,  when  they  are  com- 
pletely at  rest  (in  the  pause  between  expiration  and  inspiration),  is 
in  man  about  5  to  7  mm.  of  mercury,  and  that  when  the  lungs  are 
fully  distended,  as  at  the  end  of  a  forcible  inspiration,  the  pressure  ^ 

rises  to  as  much  as  30  mm.  of  mercur}\     Hence  at  the  height  of  a  " 

forcible  inspiration  the  pressure  exerted  on  the  heart  and  great  ** 

vessels  within  the  thorax  is  30  mm.  less  than  the  ordinary  atmo-  "^ 

spheric  pressure  of  760  mm.,  and  even  when  the  chest  is  completely  ^^ 

at  rest,  at  the  end  of  an  expiration,  the  pressure  on  the  heart  and  "C 

great  vessels  is  slightly  (by  about  5  mm.  mercury)  below  that  of  the  "^^ 

atmosphere.     We  may  add  that  any  obstacle  to  the  free  ingress  of  ,^-«( 

the    inspired   air,   any   difficulty  m   the   full   expansion   of    the  -^^^f 

pulmonary  alveoli,  of  course  increases  the  negative  pressure  to  ^«e 

which  the  thoracic  structures  outside  the  lungs  are  subjected  by  ^"^ 

the  expansion  of  the  chest.     Hence  when  the  trachea  is  closed         ,fS''^ 
a  very  large  part  of  the  thoracic  expansion  is  directed   to   in-        ^^  ^ 
creasing  the  negative  pressure  around  the  heart  and  great  blood 
vessels. 

During  an  inspiration  then  the  pressure  around  the  heart  and    ^^^    , 
great  blood  vessels  becomes  considerably  less  than  that  of  the  atmo-  — ^'^::w). 
sphere  on  the  vessels  outside  the  thorax.      During  expiration  this^^^  • 
pressure  returns  towards  that  of  the  atmosphere,  but  in  ordinaiy^'^-^^ 
breathing  never  quite  reaches  it.     It  is  only  in  forcible  expirationiur^zDQ 
that  the  pressure  on  the  thoracic  vascular  organs  reaches  or  ezceed^f:>^ 
that  of  the  atmosphere.     But  if  during  inspiration  the  pressurc^-x:  jre 
bearing  on  the  right  auricle  and  the  vense  cavae  becomes  less  thainx'.j^uin 
the  pressure  which  is  bearing  on  the  jugular,  subclavian,  and  other  ^i^^er 
veins  outside  the  thorax,  this  must  result  in  an  increased  flow  fron::jrarom 
the  latter  into  the  fonner.    Hence  during  each  inspiration  a  larger t^-ver 
quantity  of  blood  enters  the  right  side  of  the  heart.   This  probabl]^  J  ^uly 
leads  to  a  stronger  stroke  of  the  heart,  and  at  all  events  causefts^^^dcss 
a   larger  quantity  to   be   ejected   by  the   right  ventricle ;    thi^c  -^dhis 
causes  a  larger  (juantity  to  escajxi  from  the  left  ventricle,  and  thiu-*'-*'-*»w 
more  blood  is  thrown  into  the  aorta,  and  the  arterial   preasurwr:^  Juv 
proportionately  increased.      During  expiration  the  converse  take^2^  -^ 
place.     The  pressure  on  the  intra-thoracic  blood  vessels  returns  t*^;^'  ^ 
the  normal,  the  flow  of  blood  from  the  veins  outside  the  thorar   ^}-^ 
into  the  veiijp  cavae  and  right  auricle  is  no  longer  assisted,  and  iK"— ^Q'^ 
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ooxisequence  less  blood  passes  through  the  heart  into  the  aorta, 
id  arterial  pressure  falls  again.  During  forced  expiration,  the 
tra-thoracic  pressure  may  oe  so  great  as  to  afford  a  distinct 
ol>stacle  to  the  flow  from  the  veins  into  the  heart. 

The  effect  of  the  respiratory  movements  on   the  arteries   is 

ixa-turally  different  from  that  on   the   veins.     During  inspiration 

the  diminution  of  pressure  in  the  thorax  around  the  aortic  arch 

tends  to  expand  the  aortic  arch,  and  thus  to  check  the  onward 

►w  of  blood,  and  to  diminish  the  pressure  of  blood  within  the 

During  expiration,  the   increase  of  pressure  outside  the 

aortic  arch  of  course   tends  to  increase  also  the  blood-pressure 

^»'ithin  the  aorta,  acting  in  fact  just  in  the  same  way  as  if  the 

coats  of  the  aorta  themselves  contracted.     Thus  as  far  as  arterial 

l>lood-pre88ure  is  concerned  the  effects  of  the  respiratory  move- 

naents  on   the  great   veins  and  great  arteries   respectively   are 

aiitagonistic  to  each  other;  the  effect  on  the  veins  being  to  increase 

a*^nal  pressure  during   inspiration  and   to  diminish   it   during 

Expiration,  while  the  effect  on  the  arteries  is  to  diminish  arterial 

Piressure  during  inspiration  and  to  increase  it  during  expiration. 

«ut  we  should  naturally  expect  the  effect  on  the  thin-walled  veins 

^   be  greater  than  that  on  the  stout  thick -walled  arteries,  so 

*^iich  so  that  the  direct  effect  on  the  arteries  may  be  neglected. 

Tlat  is  to  say,  we  should  expect  the  blood-pressure  to  rise  during 

J^spiration  and  to  fall  during  expiration.     This  as  we  have  seen 

^  frequently  the  case,  and  indeed  when  the  breathing  is  deep  and 

*^lx)ured,  and   especially  during  violent   and  sudden  respiratory 

Movements,  the  influence  in  this  direction  on  the  blood-pressure 

^irve  of  the  pumping  action  of  the  chest  is  unmistakeable. 

In  attempting  however  to  estimate  the  effect  of  the  respiratory 

Movements   on   blood-pressure   we   must   bear  in  mind  what  is 

^^king  place  in  the  abdomen.     In  inspiration  the  descent  of  the 

^liaphragm  compresses  the  abdominal  viscera,  and  so,  while  at  the 

^^ly  first  it  drives  a  quantity  of  blood  onward  along  the  inferior 

'^^na    cava,    subsequently   hinders    the    upward    flow   from   the 

^tdomen  and  lower  limbs ;  at  the  same  time  by  compressing  the 

^tdominal  aorta,  it  tends  to  raise  the  pressure  in  the  thoracic 

^orta  and  its  branches,  while  lowering  that  of  the  abdominal 

^orta  and  its  branches.     The  effect  of  easy  expiration  would  be 

^Vie  converse  of  this ;   but   in  forced  expiration  the  pressure  of 

the  contracting  abdominal  muscles  woula,  as  in  inspiration,  first 

ti^nd  to  drive  the  blood  onward  along  the  vena  cava  but  subse- 

qtaently  to  hinder  the  flow  both  along  the  vena  cava  and  the 

aorta.     The   effect   of    the  abdominal    movements    therefore    is 

ixiixed  and  variable,  and  their  influence  on  the  blood-pressure  in 

tHe  femoral  artery  must  be  different  from  that  on  the  radial  artery 

oir  other  branch  of  the  thoracic  aorta.      It  is  difficult  to  predict 

w-hat  in  all  cases  the  effect  would  be ;  and  the  matter  cannot  be 

settled  by  eliminating  the  movements  of  the  diaphragm  through 
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section  of  the  phrenic  nerves,  since  in  such  a  case  the  whole  working  *jg 

of  the  respiratory  pump  is  materially  affected. 

§  383.    In  aadition  to  the  influence  thus  exerted  by  the  thoracic  *: 

movements  on  the  great  veins  leading  to,  and  the  great  arteries  ^ 

leading  from  the  heart,  we  have  to  consider  the  behaviour  of  the  ^ 

pulmonary  vessels  themselves  under  the  varying  thoracic  pressure.  ^^ 

These,  like  the  vense  cavse  and  aorta,  tend  to  expand  under  the  in-  ^ 

fluence  of  the  inspiratory  expansion  of  the  chest,  and  thus  to  become  .^ 

fuller  of  blood,  very  much  as  they  would  if  the  whole  luiig  were  placed  ^ 

under  a  large  cupping-glass.  The  first  effect  of  this  increased  filling  ^ 

of  the  pulmonary  vessels  would  be  to  retain  for  a  while  a  certain  ^ 

quantity  of  blood  in  the  lun^  and  thus  to  lessen  the  amount  falling 
into  the  left  auricle.     But  this  would  be  temporary  only ;  and  the 
widening  of  the  pulmonary  vessels  would  speeaily  produce  an 
exactly  contrary  effect,  namely,  an  increased  flow  through  the  lungs 
due  to  the  diminished  resistance  offered  by  the  widened  pas8afi;es. 
Conversely,  the  first  effect  of  expiration  would  be  an  increased  flow 
into  the  left  auricle  due  to  the  additional  quantity  of  blood  driven 
onwards  by  the  partial  collapse  of  the  pulmonary  vessels,  followed        .^^^ 
by  a  more  significant  diminished  flow  caused  by  the  greater  resist-        ^j^T^ 
ance  now  offered  by  the  narrower  vascular  channels.     Thus  the      ^ --, " 
effect  of  inspiration  in  this  way  would  be  first  to  diminish  the     ^^,g-i.^ 
flow  into   the   left   auricle   and  so   into  the   left   ventricle,  but    -:^,^^jy/ 
afterwards,  for  the   rest  of  the  inspiration  until  the  beginning  ^^^^ 

of  expiration,  to  increase  the  flow  into  the  ventricle ;  whue  con .«rKn- 

versely  the  effect  of  expiration  would  be  first,  for  a  brief  period,  to^i^^^j-  ^ 
increase  and   afterwards,  during  the  rest  of  the   movement,  tod^^ct-  to 
diminish  the  flow  of  blood  into  the  left  ventricle.     Further,  whiIe^.C^e 
this  may  be  considered  as  the  effect  on  the  pulmonary  vessels^  J*  ^Ig^ 
large   and   small   taken   altogether,  the   influence   both   of   th^.M=f  he 
thoracic   negative   pressure   during   inspiration,  and   the  retuiCK-^r  .m 
in  a  positive  direction  during  expiration,  will  bear  more  on  th»jcf  he 
thin-walled    pulmonary   veins    than    on    the   stouter  pulmonai^"3K:^Ai}' 
artery ;  that  is  to  say,  as  inspiration  becomes  establisned,  ther-iK^Bre 
will  be  a  diminution  of  pressure  in  the  pulmonary  veins  grea 
than  that  in  the  pulmonary  artery,  and  this  will  be  an  additio 
influence   favouring   the    flow   into    the    left   ventricle ;    durin 
expiration  a  similar  difference  of  effect  will  be  felt  in  the  con 
direction.     During  the  increase  of  flow  into  the   ventricle, 
quantity  of  blood  ejected  at  each  stroke  will  increase,  and 
stroke  will  (§  162)  be  increased  in  vigour,  in  consequence  of  w 
the  arterial  pressure  will  rise.     Conversely,  during  the  decrease  •-      of 
flow  into  the  ventricle,  the   arterial  pressure  will   fall      Hem 
the  general  effect  of  the  movements  of  the  chest  on  the  pulmo 
vessels  will  be  during  the  beginning  of  inspiration  to  contin 
the  lowering  of  arterial  pressure  which  was  taking  place 
expiration  but  subse(|uently  to  raise  the  arterial  pressure ; 
conversely  at   the  beginning  of  expiration  to  continue  the 
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of  arterial  pressure  which  was  taking  place  during  inspiration  but 
suhsequently  to  lower  arterial  pressure.  In  ordinary  breathing,  as 
'^^e  have  seen,  what  may  be  considered  as  the  normal  relations  of 
felood-pressure  to  the  respiratory  movements  are  precisely  of  this 

§  384.  Effects  of  the  respiratory  movements,  however,  are  seen 
yiot  only  in  natural  but  also  in  artificial  respiration.  When,  for 
i^^stance,  in  an  animal  under  urari,  artificial  is  substituted  for 
natural  respiration,  undulations  of  the  blood-pressure  curve,  syn- 
oJironous  with  the  respiratory  movements,  are  still  observed 
(Fig.  86),  though  generally  less  in  extent  than  those  seen  under 
Natural  conditions. 

Now  in  artificial  respiration,  the  mechanical  conditions  under 
^^•hich  the  thoracic  viscera  are  placed  as  regards  pressure  are 
tke  exact  opposite  of  those  existing  during  natural  respiration, 
for  when  air  is  blown  into  the  trachea  to  distend  the  lungs,  the 
pressure  within  the  chest  is  increased  instead  of  diminished. 
Tjnder  these  circumstances,  applying  the  considerations  laid  down 
in  the  preceding  paragraph  with  regard  to  natural  respiration,  we 
should  expect  to  find  that  while  the  first  effect  of  an  artificial 
inspiration  would  be  to  drive  an  additional  quantity  of  blood  out 
of  the  lungs  into  the  left  ventricle,  and  thus  to  raise  arterial 
pressure,  this  would  be  in  turn  followed  by  a  fall  of  arterial 
I>ressure  due  to  the  increased  resistance  offered  both  to  the 
{massage  of  blood  through  the  lungs  and  to  the  entrance  of  blood 
t^hrough  the  venae  cavae  into  the  right  auricle.  Conversely,  the 
^flFect  of  the  succeeding  expiration  would  be  an  initial  continu- 
ance of  the  fidl  of  arterial  pressure  succeeded  by  a  rise.  In 
other  words,  we  should  expect  to  find  in  artificial  respiration 
effects  exactly  the  reverse  of  those  which  we  find  in  normal 
irespiration ;  and  indeed  in  many  curves  of  blood-pressure  taken 
during  artificial  respiration  this  is  the  case. 

Both  in  natural  and  in  artificial  respiration,  however,  the 
features  of  the  blood-pressure  curve  vary  according  as  the 
Inreathing  is  hurried  or  slow,  shallow  or  deep,  and  according  to  the 
fBunlity  with  which  air  enters  the  chest,  so  much  so  that  at  times 
the  blood-pressure  curves  of  natural  and  artificial  respiration  may 
closely  resemble  each  other.  And  a  little  consideration  would 
lead  us  to  expect  this. 

We  have  seen  that  the  rise  in  arterial  pressure  which  marks 

tie  respiratory  undulation  is  in  the  main  due  to  a  temporarj- 

^Tfeater  amount  of  blood  thrown  into  the  aorta  by  the  left  ventricle, 

^^d  that  correspondingly  the  fall  of  pressure  completing  the  uudu- 

'^tion  is  in  the  main  due  to  a  temporary  lessening  of  the  amount  so 

thi\)wn.     Though  the  causes  discussed  in  §  382  undoubtedly  make 

^tomselves  prominent  in  laboured  and  violent  respiratory  move- 

J^^xits,  we  may  conclude  that  in  ordinary  respiration,  both  natural 

artificial,  the  main  events  producing  the  respiratory  undulations 
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are  those  discussed  in  §  383.     We  may  restate  the  couclusions  of  "^ 

that  discussion  by  saying  that  the  respiratory  movements  afiFect 
the  amount  of  flow  of  blood  into  the  left  ventricle,  and  so  the 
discharge  of  blood  from  the  left  ventricle  into  the  aorta,  in  two  ^ 

main  ways.  In  the  first  place,  through  the  widening  or  narrowing 
of  the  pulmonary  vessels  they  alter  the  capacity  of  the  vessels  to 
hold  blood  for  the  time  being.  In  the  second  place,  in  conse- 
quence of  the  difference  of  resistance,  occasioned  by  the  widening 
or  narrowing,  they  alter  the  rate  of  flow  through  the  pulmonary  j 

vessels.  The  first  factor  is  a  brief  and  passing  one;  the  extra 
room  due  to  widening  is  soon  filled  up,  the  narrowed  vessels  soon  "^ 

discharge  the  quantity  which  they  can  no  longer  hold     But  the  * 

second  factor  is  a  more  lasting  one ;  so  long  as  in  the  respirator}*  ^ 

movement  the  vessels  remain  widened  or  narrowed  so  long  is  the  < 

rate  of  flow  increased  or  diminished.     These  two  factors  produce  ^^ 

opposite  effects,  and  hence  the  total  result  of  any  particular  kind  ^* 

of  respiration  will  depend  on  their  relative  prominence.     With  ^-t 

quickly  repeated  respiratory  movements  the  first  factor  comes  to  **  c/ 

the  front;   when  the  respiratory  movements  are  more  slowly  re-  ^-^Mo 

peated  and  more  slowly  carried  out  the  second  factor  is  the  more        ^  ^^- 
potent.     Hence  it  comes  about  that  in  ouickly  repeated  artificial      ^   "*^ 
respiration  where  the  first  factor  is  preaominant,  and  the  promi-     ^  ?^  . 
nent  eflFect  of  each  inflation  is  to  diminish  the  capacity  of,  and  ,g^  "*^^" 
so  to  empty  the  pulmonary  vessels  and  to  increase  the  flow  into  <_:*^^ 
the  ventricle  whereby  the  pressure  rises  in  inflation,  that  is  in.c:K^  ^*  * 
inspiration,  the  blood-pressure  curve  simulates  that  of  a  slowly^ jr-w^iv 
repeated   natural   respiration,  where   the   pressure   also   rises  incx:^      in 
inspiration,  but  where,  the  second  factor  being  predominant,  th^  j::i".:ihe 
rise  of  pressure  brought  about  by  each  inspiration  is  due  mainlj^r^X^ jijr 
to  the  more  rapid  flow  through  the  widened  pulmonary  vesselscsf '^k 
And  other  illustrations  of  a  like  kind  could  be  given. 

§  386.  Besides  the  mechanical  effects  of  the  re8pirator]f^T»:or)r 
movements  the  vascular  system  is  influenced  by  respiratioLx:<=»-ioii 
through  the  changes  in  the  gases  of  the  blood. 

Changes  in  the  blood  may  affect  on  the  one  hand  the  vaso^z^^so- 
motor  system   and   on   the   other   hand   the  heart.     They  ma^*^^  V 
further  affect  the  heart  either  directly  by  acting  on  the  rnrdi'm  ^t  '^^ 
tissues  or  indirectly  by  means  of  the  inhibitory  and  augmentod^^-^r 
cardiac   nerves.     They  may  also  probably  affect   the  peripheraL^   -^'^ 
vessels,  not  only  through  vaso-motor  nerves  but  by  acting  directly  I^  *'}' 
on  the  walls  of  the  smaller  vessels     We  have  indications  of  n   /^=^rk 
action  of  respiration   on   the   cardio-inhibitory  system,   even  i-S^  i^ 
normal  quiet  respiration.     One  striking  feature  of  the  res| 
undulation  in  the  blood-pressure  curve  of  the  dog*  is  the 
that   the  pulse-rate   is  quickened  during  the  rise  of  the  undu 

^  In  the  rabbit,  the  respiratory  undulations,  though  well  marked,  pxMent  a  fe- 
gmall  difference  of  pulse-rate  in  the  rise  and  fall. 
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lation  and  becomes  slower  during  the  fall ;  see  Fig.  85.     A  similar 
influence  may  be  seen  in  pulse-tracings  taken  from  man.     The 
quickening   of    the   beat   might   be   considered  as   itself    partly 
a42counting   for  the   rise   of   pressure,  or   on  the   other   hand   it 
inight  be  urged  that  the  increased  flow  of  blood  which  causes  the 
nee  of  pressure,  at  the  same  time  leads  to  the  quickening  of  the 
l>€at,  were  it  not  for  one  fact,  viz.  that  the  difference  is  at  once 
<lcne   away  with,   without   any   other  essential    change   in   the 
^tndulations,   by   section   of   both   vagus   nerves.     Evidently  the 
slower  pulse  during  the  fall  is  caused  by  a  coincident  stimulation 
of  the  cardio-inhibitory   centre   in   the  medulla  oblongata,  the 
quicker  pulse  during  the  rise  being  due  to  the  fact  that,  during 
yhskt  interval,  the  centre  is  comparatively  at  rest.     We  have  here 
^^dications   that,   while   the   respiratory   centre   in  the  medulla 
^^Jblongata  is  at  work,  sending  out  rhythmic  impulses  of  inspira- 
tion and  expiration,  the  neighbouring  cardio-inhibitory  centre  is, 
^^  it  were  by  sympathy,  thrown  into  an  activity  of  such  a  kind 
^  kat  its  influence  over  the  heart  waxes  with  each  expiration  and 
'^^anes  with  each  inspiration.     We  cannot  as  yet  explain  exactly 
'tie  manner  in  which  the  activity  of  the  one  centre  influences 
^lat  of  the  other;   it  may  be  that  during  the  expiratory  phase 
^le  blood  reaching  the  medulla  is  not  quite  so  well  arterialized, 
^^pecially  as  far  as  the  escape  of  carbonic  acid  is  concerned,  as 
^uring  the  inspiratory  phase,  and  that  the  cardio-inhibitory  centre 
ifi  sufficiently  sensitive  to  appreciate  the  slight  difference ;  but  of 
^his  we  cannot  be  sure. 

§  386.     When  through  interference  with  the  pulmonary  inter- 

c^hange  the  blood  sent  out  from  the  left  ventricle  becomes  and 

c»)ntinue8  to  be  less  arterialized  than  usual,  the  effects  on  both 

'the  heart  and  the  vaso-motor  system  become  conspicuous.     The 

rhythm  of  the  heart-beats  is  most  distinctly  slowed.     This,  under 

oroinaiT   circumstances   when   the   vagus   nerves    are    intact,   is 

probably  in  part  the  result  of  vagus  inhibition,  the  venous  blood, 

as  suggested  above,  stimulating  the  cardio-inhibitory  centre  in  the 

iiQedulEL     But  the  .slowing  is  not  wholly  caused  in  this  way,  for 

it  ig  still  conspicuous  in  an  animal  placed  under  urari  and  with 

l>oth  vagus  nerves  divided.     Compare  curves  3  and  4  with  I  and 

^  in  Fig.  86.     How  this  slowing  is  brought  about  is  not  very 

clear.     When  venous  blood  is  sent  through  an  excised  heart,  the 

*^^at  is,  it  is  true,  slowed,  but  it  is  also  and  still  more  conspicu- 

pualy  weakened.     Now  when  the  blood  becomes  too  venous,  as 

i^  %hewn  in  Fig.  86,  even  after  the  action  of  the  vagus  nerves 

^^^  been   eliminated   by  section   and  also  by  urari,  the  slowing 

Out  of  proportion  to  the  weakening,  since,  as  we  shall  presently 

the   blood-pressure   rises;    and   though   that  rise  is  chiefly 


^^  to  vaso-motor  constriction,  still  it  could  not  take  place  if 
^^  cardiac  stroke  were  very  notably  weakened.  It  may  be  that 
^^^   venous  blood  stimulates  the  cardiac  augmentor  mechanism 
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in  such  a  way  as  to  bring  about  an  augmentation  of  the  cardiac 
stroke  rather  than  a  quickening  of  the  rhythm ;  but  this  has 
not  been  definitely  proved.  In  any  case  a  slow  beat,  with  such 
a  maintenance  of  the  strength  of  the  cardiac  strokes  as  permits 
the  continuance  for  some  considerable  time  of  a  hieh  blood- 
pressure,  is  met  when  the  arterialization  of  the  blood  is  interfered 
with.  Sooner  or  later,  however,  the  deficiency  of  oxygen  in  the 
blood  diminishes  the  store  of  explosive  compounds  in  the  cardiac 
muscular  substance,  the  beats  lessen  in  force,  often  shewing  a 
temporary  increase  in  frequency,  and  soon  become  irregular. 

§  387.  The  effects  of  deficient  arterialization  on  the  v^aso- 
motor  system  are  well  shewn  when  in  an  animal  placed  imder  a 
moderate  dose  of  urari  so  as  to  eliminate  the  complications  due  to 
contractions  of  the  skeletal  muscles,  with  both  vagi  divided  so 
as  to  ensure  the  elimination  of  inhibitory  impulses  from  the 
medulla,  artificial  respiration  is  suspended.  Soon  after  the  re- 
spiration is  stopped,  a  very  large  but  steady  rise  of  pressure  is 
observed.  See  Fig.  86.  The  rise  so  witnessed  is  very  similar  to 
that  brought  about  by  powerfully  stimulating  a  numl!er  of  vaso-  ^ 
constrictor  nerves ;  and  there  can  be  no  doubt  that  it  is  due  to 
the  venous  blood  stimulating  the  vaso-motor  centre  in  the  medulla^ 
and  thus  causing  constriction  of  the  small  arteries  of  the  body^  ^t 
especially  those  of  the  splanchnic  area,  since  as  we  shall  see,  wcMiJt 
speaking  of  the  skin,  a  too  venous  blood  leads  to  a  widening  o' 
the  cutaneous  arteries.  We  say  *  stimulating  the  medullary  vaso- 
motor centre,*  because,  though  we  must  admit  that,  since  a 
of  pressure  follows  upon  dyspnoea  when  the  spinal  cord  has  beev 
previously  divided  below  the  medulla,  the  venous  blood  ma^ 
stimulate  other  vaso-motor  centres  in  the  spinal  cord  and  possibl^ 
even  act  directly  on  local  peripheral  mechanisms,  yet  the  fact  th  " 
the  rise  of  pressure  is  much  less  under  these  circumstances  she 
that  the  medullary  centre  plays  the  chief  part  As  we  hav 
just  said,  the  effect  of  this  vaso-constriction  in  raising  the  pressur^r^K 
if  not  assisted  by  an  increase,  at  all  events,  is  riot  neutralized  V  " 
an  adequate  decrease  of  the  cardiac  stroke.  Upon  the  cessatio 
of  the  artificial  respiration,  the  respiratory  undulations  c^ 
course  cease  also,  so  that  the  blood-pressure  curve  rises  at 
steadily  in  almost  a  straight  line  broken  only  by  the  heart-beat^  •^^ 
yet  after  a  while  new  undulations,  the  so-called  Traube  c^ 
Traube-Hering  curves,  make  their  appearance  (Fig.  85.  2, 
very  similar  to  the  previous  ones,  except  that  their  curves 
larger  and  of  a  more  sweeping  character.  These  new  unduly  M.  -h 
tions,  since  they  appear  in  the  alienee  of  all  thoracic  or  piiliininu^^  ^iH 
movements,  passive  or  active,  and  are  witnessed  even  when  bo<^  ^^" 
vagi  are  cut,  must  be  of  vaso-motorial  origin ;  the  rhythmic  rir  ^^^ 
must  be  due  to  a  rhythmic  constriction  of  the  small  arteries,  ar^c  n.^ 
this  probably  is  caused  by  a  rhythmic  discharge  fix>m  vaso-mot-;::::^^-^: 
centres,  and  especially  from  the  medullary  vaso-motor  centre.    TC  "^"^ 
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undulations  are  maintained  as  long  as  the  blood-pressure  con- 
tinues to  rise.  With  the  increasing  venosity  of  the  blood, 
however,  both  the  vaso-motor  centres  and  the  heart  become 
enfeebled;  the  undulations  disappear,  and  the  blood-pressure 
rapidly  sinks. 


•  •     ••  •  A 
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Fi0.  86.    Blood- Prsssube  Curves  during  a  Suspension  of  Breathing. 

Traube-Herino  Curves. 

The  carves  1,  2,  8,  4,  5  are  portions  selected  from  one  lonf^  oontinuous  tracing 

^ormiDg  the  record  of  a  prolonged  observation,  so  that  the  several  curves  represent 

^oooenive  stages  of  the  same  experiment.    Each  curve  is  placed  in  its  proper 

^XMition  relative  to  the  base  hne,  which,  to  save  space,  is  omitted;  and  it  is 

^bTioQfl  that,  starting  from  the  stage  represented  by  1,  the  blood-pressure  rises  in 

%l  Mjijr  II  2,  3,  and  4,  but  falls  again  in  stage  5.    Curve  1  is  taken  from  a  period  when 

Artificial  respiration  was  being  kept  up,  and  the  undulations  visible  are  those  the 

^rimtnre  of  which  have  been  discussed;    the  vagus  nerves  having  been  cut  the 

^olsations  on  the  ascent  and  descent  of  the  undulations  do  not  differ.    When 

%he  artificial  respiration  was  suspended  these  undulations  disappeared,  and  the 

^lood-pressure  rose  steadily  while  the  heart-beats  became  slower.     Soon,  as  shewn 

u  carve  2,  new  andulations  appeared.    A  little  later,  the  blood-pressure  was  still 

viung,  the  heart-beats  still  slower,  but  the  undulations  still  more  obvious  (cur\'c  8). 

Still  Uter  (curve  4),  the  pressure  was  still  higher,  but  the  heart-beats  were  quicker, 

■ud  the  andulations  flatter.    The  pressure  then  began  to  fall  rapidly  (curve  6), 

fland  continaed  to  faU  until  some  time  later  artificial  respiration  was  resumed. 

We   may  here   incidentally  remark   that   the   occurrence   of 

long  slow  undulations  is  not  dependent  on  the  cessation  of  the 

x''^8piratory  movements,  and   on  an  abnonnally  venous   condition 

^^  the  blood.     They  are  sometimes  (Fig.  87)  seen  in  an  animal 

^^hose  breathing  is  fairly  normal.     We  need  not  discuss  them  any 

'^^'^her  now,  and  have  introduced  them  chiefly  to  illustrate  the 
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fiict  that  the  vaso-motor  nervous  sv'steni  is  apt  to  &U  into  a  . 
condition  of  rh^-thmic  activity.  It  Kas  been  suggested  that  the  ; 
normal  respiratory  undulations  may  be  due  to  a  rnythmic  rise  and  ^ 
MI  of  the  activity  of  the  vaso-motor  centre,  synchronous,  like  that  . 
of  the  cardio-inhibitor}-  centre,  with  the  respitatoiy  movements,- 


e  was  described  not  by  mesiiB  of  ■  meroory  muioinater,  bnt  bj  fti 
t  simiUr  to  bDt  not  identical  with  Pick's  ■pring-kTmofpuph.)  In  Md 
heart-beat  the  npvard  uid  downward  stroke  are  tcit  don  tagether  bat  may  h 
easily  distingiiiBhed  by  the  help  of  a  lens.  The  nndolationa  of  the  next  ords 
are  tfaow  of  respiration.  The  wider  eweepa  are  the  Tnabe-Hering  murta,  o 
which  two  complete  cnrree  and  portions  of  two  others  are  ihewn.  Each  Tnnba 
Hering  cnrre  comprisee  aboat  nine  respirator?  enrvea,  and  each  respiratory  oom 


There  can  however  be  no  doubt  that  the  respinttory  vanaticaiLJC^*^^)aB 
in  blood-pressure  are  due  to  the  mechanical  conditions  discumut^ui**^ 
above,  and   that   vaso-motor   influences   intervene   but   little  Li  >f 

atalL 

§  388.     The  further  general  effects,  similar  to  the  above,  ok^:»   oQ 
the  vascular  system  uf  dcncient  arterialization  of  the  blood  may  \f^J^    be 
studied  by  taking  a  blood-pressure  tracing  from  the  carotid  (x^   _'^ 
other  arteiy  of  an  auiinal  while  the  interference  with  respiiatior«=*-'*on 
is  pushed  on  to  a  fatal  asphyxia.     During  the  first  and  secons.f'*''^ 
stages  of  the  asphyxia  the  olood-^'essure  rises  rapidly,  attaining  «=vi-^g 
a  height  far  above  the  normal     During  the  third  stt^  it  &1K  X-^k 
even   more   rapidly,  repassing  the  normal  and  becoming  nil  t^m-      ^ 
death   ensues.     If  the  animal,  no   urari   having   been   given,  i:         u 
breathing  of  itsolf,  and  if,  as  usually  is  the  case,  the  asphyxia  iE"      ^ 
brought  about  by  occlusion  of  the  trachea,  so  that  the  mecnanic^K:=^ 
effects  of  the  respiratory  movements  are  exaggerated  by  the  nf^-"" 
being  unable  to  enter  the  chest,  the  respiratory  undulations  ^k^ 
the  pressure-curve  due  to  the  mechanical  causes  discussed  aboT'^ 
are,   especially   during    the    first    stage,  extensive,   abrupt    an.^/ 
irregular,  the   inspiratory   movements  being  accompanied  by  s 
conspicuous   fall   of  pressure.     When  the  animal  luts  been  pre- 
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Woasly  placed  under  urari,  so  that  the  respiratory  impulses  cannot 

<>Uuufest  themselves  by  any  muscular  movements,  the  rise  of  the 

pftssure  curve,  as  we  have  already  said,  is  at  first  steady  and 

Unbroken,  but  after  a  variable  period  Traube  s  curves  make  their 

Appearance.     As  during  the  third  stage  the  pressure  sinks,  these 

undulations  pass  away. 

The  heart-beats  are  at  first  somewhat  quickened,  but  speedily 

become  slow,  at  the  same  time  as  we  have  seen  not  notably  losing 

force,  so  that  the  pulse-curves  on   the   tracing  are   exceedingly 

bold  and  striking.     But  the  boldness  of  the  curve  of  the  mercury 

manometer,  is,  it  must  be  remembered,  partly  the  mere  result  of 

tlxe  slowness  of  the  rhythm ;  the  mercury  has  time  to  fall  largely 

l>etween  each  two  beats  (Fig.  86.  3  &  4).     Even  while  the  blood- 

»X'^es8ure  is  sinking,  and  when  the  cardiac  stroke  is  now  certainlv 

essening  in  vigour,  the  slowness  of  the  cardiac  rhythm  is  still 

s^:i.fficient  to  maintain  somewhat  these  characters  of  the  curve. 

Tie  strokes  at  last,  however,  rapidly  fail  in  strength  and  become 

xxrregular,  though  the  heart  continues   to  beat  for  some  seconds 

^fter  the  respiratory  movements  have  ceased. 

If  the  chest  of  an  animal  be  opened  under  artificial  respiration, 
^^od  asphyxia  brought  on  by  cessation  of  the  respiration,  it  will  be 
^^en  that  the  heart  during  the  second  and  third  stages  becomes 
<:^ompletely  gorged  with  venous  blood,  all  the  cavities  as  well  as 
^y^e  laige  veins  being  distended  to  the  utmost.  If  the  heart  be 
"hatched  to  the  close  of  the  events,  it  will  be  seen  that  the  feebler 
^t^rokes  which  come  on  towards  the  end  of  the  third  stage  are  quite 
^^nable  to  empty  its  cavities ;  and  when  the  last  beat  has  psissed 
^^ray  its  parts  are  still  choked  with  blood.  The  veins  spirt  out 
'^^len  pricked :  and  it  may  firequently  be  observed  that  the  beats 
^■>eoommence  when  the  over-distension  of  the  heart  s  cavities  is 
^■^lieved  by  puncture  of  the  great  vessels.  When  rigor  mortis 
in  after  death  by  asphyxia,  the  left  side  of  the  heart  is  more 
leas  emptied  of  its  contents ;  but  not  so  the  right  side.  Hence 
an  ardmaiT  post-mortem  examination  in  cases  of  death  by 
^^phyxia,  while  the  left  side  is  found  comparatively  empty,  the 
^^H^ht  appears  gorged. 

These  various  phenomena  of  asphyxia  are  probably  brought 
^lx)ut  in  the  foUowmg  way. 

The  increasingly  venous  character  of  the  blood  augments  the 

Motion  of  the  vaso-motor  centres,  both  the  medullary  centre  and 

^lie  subsidiary  centres  in  the  spinal  cord,  and   thus  leads  to  a 

<H>ii8triction  of  the  small  arteries,  especially  of  the  splanchnic  area. 

This  is  the  chief  cause  of  the  markedly  increased  blood-pressure ; 

L       t^houeh  the  venous    blood    may  possibly  also    act    directly  on 

L      VerijMieral  vaso-motor  mechanisms,  or,  what  is  more  likely,  may 

«      increase  the  peripheral  resistance  in  the  capillaries  themselves, 

1     ^oe  there  are  reasons  for  thinking  (§  185)  that  venous  blood 

ri     ^  in  carbonic  acid  meets  with  more  friction,  and  passes  less 
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easily  through  the   capillaries   than   does  blood   less  venous  i^ 
character. 

This  increased  peripheral  resistance  and  the  high  blood-pressur*"*  *^^ 
to  which  it  gives  rise,  while  tending  to  increase  the  distensioi^^^-^^ 
of  the  left  ventricle  and  so  indirectly  helping  to  augment  th^i^iue 
force  of  the  heart's  beat,  soon  becomes  a  direct  obstacle  to  the  hearfr"":^-*^ 
emptying  itself  of  its  contents.  On  the  other  hand,  the  laboure(i::>^^^ 
respiratory  movements  favour  the  flow  of  venous  blood  towards  t>Hb 
the  heart,  which  in  consequence  becomes  more  and  more  full.  U  mSl 
This  repletion  is  moreover  assisted  by  the  marked  infrequency%^2:^:>-Cj 
of  the  beats  which  is  soon  developed.  This  in  turn  depends  incrz^  ii 
part  on  the  cardio-inhibitory  centre  in  the  medulla  being  stimu—  MLm-^n 
fated  by  the  venous  blood;  but,  as  we  have  previously  seen, -azK-t^ii 
cannot  be  wholly  accounted  for  in  this  way.  The  rncrea8edE:>t^4e< 
resistance  in  front,  the  augmented  supply  from  behind,  and  th^.czf'ch 
long  pauses  between  the  strokes,  all  concur  in  distending  th^^cfdib 
heart  more  and  more. 

When  the  large  veins  have  become  full  of  blood  the  inspirator^-x-^zwr 
movements  can  no  longer  have  their  usual  effect  in  facilitating  .Mir  ^n| 
the  venous  flow  into  the  right  auricle.  The  chief  effect  of  th#. 
chest  movement,  as  far  as  the  circulation  is  concerned,  is  U^ 
widen  and  so  to  increase  the  capacity  of  the  pulmonary  vessels,  aii». 

at   the   same   time   to  diminish  the  pressure  around  the 

arteries ;  hence  the  marked  sinking  of  the  blood-pressure  durin^.cs'XTinf 
each  inspiratory  movement. 

The  distension  of  the  cardiac  cavities,  at  first  favourable  to  thcJct^thc 
heart-beat,  as  it  increases  becomes  injurious;  and  the  cardui^K^Aiac 
tissues  after  a  while  become  enfeebled  by  the  action  of  tfarC-^^the 
venous  blood,  so  that  the  strokes  of  the  heart  become  weaker  auzx'.tfEiiod 
irregular. 

On  account  of  this  increasing  feebleness  of  the  heart's  bea^^^eat, 
accompanied  by  more  or  less  irregularitjr,  the  blood-pressure,  f         ^  in 
spite  of  the  continued  arterial  constriction,  begins  to  &I1,  sin^^tf^KHoe 
less  and   less   blood   is  pumped   into  the  arterial   system ;   tF^^"  the 
boldness    of   the    pulse-curves  at   this  stage  is  chiefly  due  to 

the   infrequency  of  the  strokes.     As  the  quantity  which  past 
from  the  heart  into  the  arteries  becomes  less  second  by  secoi 
the  pressure  gets  lower  and  lower,  the  descent  being  assisted 
the  exhaustion  of  the  vaso-motor  centre,  until  almost  before 
last  beats  it  has  sunk  to  zero.     Thus  at  the  close  of  asphyx^^^u^ 
while  the  heart  and  venous  system  are  distended  with  bloiod,  ts^::^^^ 
arterial  system  is  less  than  normally  full 

§  389.     While  changes  occurring  primarily  in  the  respiratc:^^ 
system  thus  affect  the  vascular  system,  conversely  changes  occurriL^^T 
primarily  in  the  vascular  system  affect  the  respiratory  syst^^z'- 
Two  kinds  of  change  in  the  vascular  svstem  bectrmg  on  two  pa^^ 
of  the  respiratory  system  deserve  especial  attention. 

In  the  first  place  the  respiratory  mechanism  may  be  sfkcteJ 
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^y  changes  in  the  blood  supply  to  the  respiratory  centre  in  the 

'Medulla.     We  have  already  seen  (§  371),  that  the  sudden  cutting 

off  of  the  supply  of  blood  to  the  medulla  gives  rise  to  dyspnoeic 

*'^e«piratory  movements  and  may  lead  to   expiratory  convulsions. 

^Tfcat  is  an  extreme  case ;  but  short  of  that,  the  activity  of  the 

'■respiratory  centre,  the  extent   and   character  of  the   respiratory 

explosions  which  take  place  in  it,  may  be  varied  according  as  the 

Constricted  or  dilated  condition  of  the  small  arteries  brancning  oflF 

»m  the  basilar  artery  or  of  the  basilar  artery  itself  allows  a  scanty 

a  full  flow  of  blood  through  the  medulla.     And  it  is  possible 

t;liat  some  forms  of  dyspnoea  may  be  brought  about  in  this  way. 

Much  more  common  and  important  however  is  the  second  kind 

of  change,  that  affecting  the  cux;ulation  through  the  lungs.     In 

t^lie  normal  organism  an  adequate  supply  of  arterial  blood  to  the 

t^i^sues   is  secured   by  an   adequate  renewal   of  the   air  in   the 

pulmonary  alveoli  and  an  adequately  rapid  flow  of  blood  through 

tilie  pulmonary  capillaries.     When,  as  by  obstruction  in  the  pulmo- 

ix^ury  arteries,  or  by  failure  of  the  cardiac  valves,  or,  and  perhaps 

^^specially,  by  an  insufficient  cardiac  stroke,  the  stream  of  blood  from 

tilie  lungs  into  the  left  ventricle  is  lessened  either  in  amount  or  in 

Y'l^pidity,  less  oxygen  is  carried  to  the  tissues,  including  the  nervous 

t;:ijBsue  of  the  meaulla,  and  dvspncea  or  "  want  of  breath  "  foUowa 

"^When  the  circulation  through  the  lungs  is  in  full  healthy  swing, 

tilie  haemoglobin  of  the  red  corpuscles  is  as  we  have  seen  saturated 

nearly  saturated  with  oxygen.     If  owing  to  a  slower  stream  the 

corpuscles  tarry  longer  in  their  passage  along  the  walls  of  the 

pulmonary  alveoli  they  cannot  thereby  take  up  a  compensating 

^kddition  of  oxygen,  indeed  it  is  doubtful  if  they  can  take  up  any 

•^^ditional  oxy&^en  at  all.     The  blood  falling  under  these  circum- 

st^ances  into  the  left  ventricle  and  sent  thence  over  the  body  is 

z^ot  more  arterial  than  usual;  at  the  same  time  the  amount  of 

l>lood  sent  out  at  each  heart  stroke  is  less,  often  much  less,  than 

t;-Iie  normal ;  and  the  medulla  as  well  as  the  other  tissues  suffer  in 

ci*)nsequence  from  a  deficiency  of  oxygen.     The  deficient  supply  to 

t;lie  medulla  manifests  itself  in  dyspnceic  or  at  least  in  laboured 

l>reathinG^,  which  sometimes  through   the   mechanical   influences 

^iiscussea  above  has  the  happy  result  of  improving  the  pulmonary 

^circulation  and   so  produces    compensating  effects.     When   the 

pulmonaiy  artery  is  suddenly  plugged  with  a  clot  the  primary  and 

'•urgent  symptom  is  "  want  of  breath,"  though  air  enters  freely  into 

'^le  chest ;  and  "  cardiac   dyspncea "   is  a   common   symptom   of 

^c«rdiac  disease. 

§  390.     Other  systems  of  the  body  are  also  related  to  the 

^*«piratoiy  system,  though  by  ties  less  striking  than  those  which 

^ind  to  it  the  vascular  system.     We  have  seen  that   deficient 

^Jterialisation  of  the  blood  stirs  up  the  muscles  of  the  alimentary 

^ianal  to  increased  activity,  and  we  shall  presently  see  that  the 

^me  condition  has  a  notable  effect  in  promoting  the  perspiration ; 

40—2 
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it  probably  has  a  similar  influence  over  other  secretions.  On  t 
other  hand,  as  we  have  seen  §  373,  there  are  reasons  for  thinki: 
that  the  activity  of  the  respiratory  centre  and  so  the  ener&nr  of  t 
whole  respiratory  act  is  influenced  by  chemical  changes,  otner  th 
the  decrease  of  oxygen  and  increase  of  carbonic  acid,  broug 
about  in  the  blood  by  the  activity  of  the  skeletal  muscles. 

The  closeness  and  the  intricacy  of  the  ties  which  thus  connc 
the  respiratory  system  with  almost  all  parts  of  the  body  may 
illustrated  by  considering  the  efiects  of  muscular  work  on  t 
body,  and  the  conditions  which,  apart  from  the  capacity  of  t 
muscles  themselves  and  of  the  motor  nervous  apparatus  whi 
puts  them  to  work,  determine  the  power  of  the  body  to  do  woi 
During  work,  especially  arduous  work,  the  muscular  contractio 
rob  the  blood  of  much  oxygen  and  load  it  with  much  carboi 
acid.  This  change  in  the  olood  would  itself  increase  the  activi 
of  the  respiratory  centre  and  the  energy  of  the  respirato 
movements,  and  might  be  sufficient  to  secure  such  an  increase 
these  movements  that  the  deficiency  of  oxygen  and  increase 
carbonic  acid  should  never  overstep  certain  limits.  But,  as  ^ 
have  said,  apparently  other  products  of  muscular  metabolism  act 
potently  in  stimulating  the  respiratory  centre  that  the  respirato 
movements  are  more  than  sufficient  to  compensate  the  changes 
the  gases  of  the  blood.  The  efficacy  of  the  augmented  respirato 
movements  is  much  increased  by  a  concomitant  increase  in  cardi 
activity  and  a  swifter  or  fuller  stream  of  blood  through  the  lung 
indeed  unless  backed  up  by  the  cardiac  increase  the  mere  increa 
of  the  pulmonary  ventilation  might  prove  inadequate. 

Hence  the  capacity  for  arduous  muscular  labour  is  determin 
not  by  the  respiratory  mechanism  alone,  nor  by  the  vascul 
system  alone,  but  by  both,  and  especially  by  both  working  togetb 
in  harmony  and  concert.  The  increased  ventilation  would  be  ic 
unless  ib  were  accompanied  by  a  quicker  circulation,  and  t 
quicker  circulation  would  similarly  be  of  comparatively  little  v 
unless  accompanied  by  increased  ventilation.  To  a  bystander  t 
working  of  the  respiratory  pump  is  much  more  obvious  than  th 
of  the  vascular  system,  and  indeed  the  subject  himself  is  mu 
more  directly  conscious  of  changes  in  the  former  than  of  chang 
in  the  latter.  Hence  when  the  organism  ceases  to  be  able 
meet  the  demands  which  the  labour  is  making  upon  it,  t 
subject  is  said  to  be  ''  out  of  breath,*'  though  in  a  large  number 
cases  the  failure  lies  much  more  at  the  door  of  the  vascular  th 
of  the  respiratory  system.  And,  as  a  rule,  it  may  perhaps  be  sfi 
that  when  two  men  differ  in  their  capacity  for  strenuous  woi 
such  as  running  a  race,  the  difference,  though  it  is  often  familial 
spoken  of  as  one  of  "  wind  "  or  power  of  breathing,  is  in  reality  r 
a  difference  in  ventilating  capacity  but  a  difference  in  the  po^ 
of  the  heart  to  keep  up  to  and  work  in  harmony  with  the  increas 
respiratory  movements. 
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Thu8  there  are  two  main  factors  in  respiration,  the  respiratory 

'Mechanism  proper,  and  the  circulation,  the  one  bringing  the  air  to 

tilie  blood,  and  the  other  the  blood  to  the  air.     We  may  remind 

t;lie  reader  that  there  is  also  a  third  factor,  and  that  one  of  great 

moment,  the  amount  of  haemoglobin,  that  is,  the  number  of  red 

<^orpuscle8,  in  the  blood.     The  amount  of  oxygen  taken  up  from 

t^lie  lungs  depends  not  only  on  the  strokes  of  the  respiratory  and 

't.Iie  vascular  pumps   but  also  on  the  richness   of  the  blood   in 

ined  corpuscles.     A  body  which  from  loss  of  blood  or  from  disease 

is  anaemic  is  thrown  out  of  breath  by  very  slight  exertion,  not  so 

nuch  because  the  respiratory  or  the  vascular  pump  is  weak,  but 

l^ecause,  through  lack  of  oxygen  carriers,  with  their  best  efforts 

t^he  combined  pumps  can  only  deliver  to  the  tissues,  including  the 

cnedulla,  an  inadequate  supply  of  oxygen.    And  fat  persons,  whose 

istore  of  haemoglobin  in  proportion  to  their  body  weight  is  always 

l>elow  par,  are  proverbially  "  scant  of  breath." 


SEC.  10.     MODIFIED  RESPIRATORY  MOVEMENTS. 

ad- 


§  391.     The  respiratory  mechanism  with  its  adjuncts,  in 
dition  to  its  respiratory  function,  becomes  of  service,  especially  i    "^^7  ^^ 
the  case  of  man,  as  a  means  of  expressing  emotions.     The  re8pcJ.^^P}' 
ratory  column   of  air,  moreover,  in  its   exit   from   the   chest,        «^>  1* 
frequently  made  use  of  in  a  mechanical  way  to  expel  bodies  firor^o'^'on] 
the   upper  air-passages.     Hence   arise  a  number  of  peculiarL'*-^**^') 
modified  and  more  or  less  complicated   respiratory  movements  xz^^nts, 
sighing,  coughing,  laughter,  &c.  adapted   to  secure  special  en^  *=■  -nds 
which   are   not  distinctly  respiratory.     They  are  all   essential  X^^^^ly 
reflex  in   character,  the  stimulus  determining   each  movemerm^^nt, 
sometimes   affecting  a  peripheral   afferent  nerve  as  in  the  en  m'w^ziase 
of  coughing,  sometimes  working  through  the  higher  parts  of  iT:^    the 
brain  as  in  laughter  and  crying,  sometimes  possibly,  as  in  yawniKi.Kr^j' 
and  sighing,  acting  on  the   respiratory  centre  itself,     like  t':^r  the 
simple  respiratory  act,  they  may  with  more   or  less  success  be 

carried  out  by  a  direct  effort  of  the  will. 

Sighing  is  a  deep  and  long-drawn  inspiration,  chiefly  throu  :^gb 
the  nose,  followed  by  a  somewhat  shorter,  but  correspondin^^^75 
large  expiration. 

Yamning  is  similarly  a  deep  inspiration,  deeper  and  lon^^T^^ 
continued  than  a  sigh,  drawn  through  the  widely  open  mou-  t:l, 
and  accompanied  by  a  peculiar  depression  of  the  lower  jaw  a^  "»^<i 
frequently  by  an  elevation  of  the  shoulders. 

Hiccough  consists  in  a  sudden  inspiratory  contraction  of  t- 
diaphragm,  in  the  course  of  which  the  glottis  suddenly  closes^ 
that  the  further  entrance  of  air  into  the  chest  is  prevented,  wl»^ 
the  impulse  of  the  column  of  air  just  entering,  as  it  strikes  u 
the  closed  glottis,  gives  rise  to  a  well-known  accompanying  sou 
The  afferent  impulses  of  the  reflex  act  are  conveyed  by  the  gast: 
branches  of  the  vagus.    The  closure  of  the  glottis  is  carried  out 
means  of  the  inferior  laryngeal  nerve.     See  Voice,  , 

In  sobbing  a  series  of  similar  convulsive  inspirations  follow  eu^^^^  ^ 
other  slowly,  the  glottis  being  closed  earlier  than  in  the  case  '    ^^ 
hiccough,  so  that  little  or  no  air  enters  into  the  chest. 
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Coughing  consists  in  the  first  place  of  a  deep  and  long-drawn 
^i^iration  by  which  the  lungs  are  well  filled  with  air.  This  is 
followed  by  a  complete  closure  of  the  glottis,  and  then  comes  a 
^udden  and  forcible  expiration,  in  the  midst  of  which  the  glottis 
suddenly  opens,  and  thus  a  blast  of  air  is  driven  through  the  upper 
J^spiratory  passages.  The  afiierent  impulses  of  this  reflex  act  are 
^^  most  cases,  as  when  a  foreign  body  is  lodged  in  the  larjnix  or  by 
^le  side  of  the  epiglottis,  conveyed  by  the  superior  laiyngeal 
^erve ;  but  the  movement  may  arise  from  stimuli  applied  to  other 
^Jerent  branches  of  the  vagus,  such  as  those  supplying  the 
bronchial  passages  and  stomach  and  the  auricular  branch  distri- 
iDuted  to  tne  meatus  extemus.  Stimulation  of  other  nerves  also, 
^uch  as  those  of  the  skin  by  a  draught  of  cold  air,  may  develope  a 
ooagh. 

In  sneezing  the  general  movement  is  essentially  the  same, 
except  that  the  opening  from  the  pharynx  into  the  mouth  is 
c;lo6^  by  the  contraction  of  the  anterior  pillars  of  the  fauces  and 
^he  descent  of  the  soft  palate,  so  that  the  force  of  the  blast  is 
<lriyen  entirely  through  the  nose.  The  afferent  impulses  here 
usually  come  from  the  nasal  branches  of  the  fifth.  When  sneezing 
liowever  is  produced  by  a  bright  light,  the  optic  nerve  would  seem 
to  be  the  afferent  nerve. 

Laughing  consists  essentially  in  an  inspiration  succeeded,  not 
"by  one,  but  by  a  whole  series,  often  long  continued,  of  short  spas- 
modic expirations,  the  glottis  being  freely  open  during  the  whole 
time,  and  the  vocal  cords  being  thrown  mto  characteristic  vibra- 
tions. 

In  crying,  the  respiratory  movements  are  modified  in  the  same 
^ay  as  in  laughing;  the  rhythm  and  the  accompanying  facial 
^ressions  are  however  different,  though  laughing  and  crying 
fi^uently  become  indistinguishable. 


CHAPTER  III. 


THE  ELIMINATION  OF  WASTE  PRODUCTS 


§  392.  We  have  traced  the  food  from  the  alimentary 
into  the  blood,  and,  did  the  state  of  our  knowledge  perm 
natural  course  of  our  study  would  be  to  trace  the  food  fix: 
blood  into  the  tissues,  ana  then  to  follow  the  products 
activity  of  the  tissues  back  into  the  blood  and  so  out  of  the 
This  however  we  cannot  as  yet  satisfactorily  do;  and  it  i 
more  convenient  to  study  first  the  final  products  of  the  meta 
of  the  body,  and  the  manner  in  which  they  are  eliminate 
afterwards  to  return  to  the  discussion  of  the  intervening  ste 

Our  food  consists  of  certain  food-stufifs,  viz.  protei(&,  &1 
carbohydrates,  of  various  salts,  and  of  water.  In  their  jp 
through  the  blood  and  tissues  of  the  body,  the  proteids,  fa 
carbohydrates  are  converted  into  urea  (or  some  closely 
body),  carbonic  acid  and  water,  the  nitrogen  of  the  urea 
furnished  by  the  proteids  alone.  Many  of  the  proteids  c 
sulphur,  ana  also  have  phosphorus  attached  to  them  in  som 
bination  or  other,  and  some  of  the  fats  taken  as  food  c 
phosphorus;  these  elements  ultimately  undergo  oxidatio 
phosphates  and  sulphates,  and  leave  the  body  in  that  fc 
company  with  the  other  salts. 

Broadly  speaking  then,  the  waste  products  of  the  ; 
economy  are  urea,  carbonic  acid,  salts  and  water.  These 
the  body  by  one  or  other  of  three  main  channels,  the  lunj 
skin,  and  the  kidney.  Some  part,  it  is  true,  leaves  the  b< 
the  bowels,  for,  as  we  have  seen,  the  faeces  contain,  besid 
digested  portions  of  food,  substances  which  have  been  secrete 
the  bowel,  and  are  therefore  waste  products;  but  the  amo 
these  is  so  small  that  they  may  be  neglected 
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The  lungs  serve  as  the  channel  for  the  discharge  of  the  greater 

of  the  carbonic  acid,  and  a  considerable  quantity  of  water; 

discharge  we  have  just  studied.     Through  the  skin   there 

»\re  the  body  a  comparatively  small  quantity  of  salts,  a  little 

*lx)nic  acid,  and  a  variable  but  on  the  whole  large  quantity 

The  kidneys  discharge  all  or  nearly  all  the  urea  and  allied 
lies,  the  greater  portion  of  the  salts,  and  a  large  amount  of 
with  an  insignificant  quantity  of  carbonic  acid.     They  are 
^^^rpecially  important  since  by  them  practically  all  the  nitrogenous 
leaves  the  body,  and  to  them  we  will  turn  first. 


SEC.    1.    THE  STRUCTURE  OF  THE  KIDNEY. 

§  393.  The  kidney  is  a  secreting  gland  constructed  upon  tC 
general  plan  of  a  compound  secreting  gland,  but  possessing  speci^ 
features.  The  secreting  portions,  in  which,  the  divisions  of  tl 
main  duct  or  ureter  end,  are  not  relatively  short  tubes  wif 
branchings  or  lateral  bulgings,  that  is  to  say,  are  not  alveoli,  bi 
are  extremely  long  narrow  tubules,  with  no  branchings  or  later 
bulgings.  The  wnole  body  of  the  kidney  is  made  up  of  the 
constituent  tubules,  uriniferous  tubules,  tuhuli  urini/eri,  closer  "^i*/ 
packed  together  with  just  as  much  connective  tissue  as  is  sut* — -DS" 
cient  to  carry  a  large  supply  of  blood  vessels,  a  certain  numb^^^'' 
of  lymphatics,  and  nerves. 

Each    uriniferous    tubule,   consisting    of   a    single    layer  ^^ 

epithelium  resting  on  a  basement  membrane  which  over  the 
part  of  the  length  of  the  tubule  is  conspicuous  and  distinct, 
in  a  peculiar  structure  called  a  Malpighian  capsule,  and  for 
first  part  of  its  course  pursues  a  path  which  is  on  the  wh( 
very  twisted  and  devious,  during  which  it  may,  for  the  prese 
be  spoken  of  as  a  twisted  tubule,  correspondmg  to  the  tubut 
contortus  of  old  writers.     It  subsequently  takes  a  more  straig^ 
course,  and  is  then  called  a  straight  tubule,  tvbulus  rectus. 
its  beginning  and   during  its  twisted   course,  the   tubule  li 
for  the  most,  near  the  surface  of  the  kidney,  forming  the  mi 
part  of  the  cortex  of  the  kidney.     During  its  straight   cou 
it  runs  towards  the  deeper  parts,  converging  towards  the  cones 
border  or  hilus  of  the  kidney  where  the  main  duct  or  ure^*'^^ 


enters;   the   converging  straight   tubules  forming  together  •>'^^ 


medulla  of  the  kidney.     While  pursuing  the  first  twisted  »^^^^ 
devious  part  of  their  course,  during  the  greater  part  of  wh  '^  ^^ 
as  we  shall  see   they  possess  marked   secretory  characters, 
tubules  do  not  join  each  other.     During  the  latter  straight  |>^ 
of  their  course,  when  as  we  shall  see  their  characters  are  th^^:^^ 
of  conducting  rather  than  of  secreting  tubules,  they  repeate^*^     J 
join.     After  each  junction  the  tubule,  though  wider  than  et*-^^ 
of    the    two    tubules   which   joined    to    form    it,   occupies    l*^^^^^ 


HCAP.  III.]      ELIMINATION   OF  WASTE   PRODUCTS.         635 

>ctce  than  the  two  together;  hence  the  medullary  substance 
eoomes  less  as  it  converges  towards  the  hilus.  The  medulla  is 
loreover  divided  into  a  number  (varying  in  different  animals, 
ding  one  in  the  rabbit  and  the  rat,  and  about  ten  or  twelve 
1  man)  of  masses,  each  of  which,  since  it  diminishes  in  bulk 
>^rards  the  hilus,  has  the  form  of  a  pyramid,  pyramid  of 
fctlpighi,  with  its  apex  directed  radially  towards  the  hilus  and 
8  "^ise  resting  on  and  becoming  confused  with  the  cortex. 

The  ureter  or  main  duct  of  the  kidney  when  traced  to  the 
L<iney,  is  found  to  expand  at  the  hilus  into  a  funnel-shaped  cavity, 
le  pelvis,  which  divides  or  branches  somewhat  irregularly  into  a 
Umber  (equal  to  that  of  the  pyramids)  of  short  broad  tubes, 
^j/ces,  somewhat  in  the  way  that  the  hand  of  a  glove  divides 
ito  the  fingers,  but  more  irrec^larly.  Into  each  calyx  the 
irnmit  of  a  corresponding  pyramia  projects  for  some  little  way  in 
^e  form  of  a  nipple,  or  papilla,  the  epithelium  lining  the  calyx 
eing  thus  continuous  with,  and  as  it  were  reflected  to  form 
be  epithelium  covering  the  projecting  nipple  of  the  pyramid. 
^lie  straight  tubules  forming  as  we  nave  seen  the  pyramid, 
hough  numerous  at  its  base,  become  by  repeated  junctions  fewer 
nd  larger,  and  finally  form  a  number  (in  man  about  a  score) 
f  relatively  wide  tubules  which  open  into  the  calyx  at  or  near 
he  ver}'  summit  of  the  nipple ;  here  the  epithelium  lining  the 
ubules  becomes  continuous  with  the  epithelium  covering  the 
Papilla. 

Hence  in  a  radial  section  of  human  kidney  (one  taken  in  the 
ong  axis  being  preferable)  the  whole  outer  portion  of  the  organ, 
Jl  round  except  at  the  hilus,  will  be  seen  to  be  occupied  by  the 
airly  uniform  cortex  which,  being  composed  as  we  have  said 
tiainly  of  tubes  twisting  in  all  directions,  presents  on  section  to 
he  naked  eye  a  granular  aspect.  From  this  cortex  will  be  seen 
converging  towards  the  hilus  a  certain  number  of  pyramids,  each 
^f  which  since  it  is  mainly  composed  of  radiating  straight  tubules, 
^d  since  the  minute  blood  vessels  ramifying  in  it  have  a  similar 
adiating  straight  course,  will  present  to  the  naked  eye  a  more 
'1*  less  marked  i-adiating  grain  or  striation.  The  apex  of  each 
yramid  where  the  section  has  passed  through  the  apex,  will 
►e  seen  projecting  into  its  appropriate  calyx,  the  calyces  will  be 
^en  uniting  to  form  the  pelvis,  and  provided  that  the  plane  of 
Action  has  passed  through  the  mouth  of  the  ureter,  the  pelvis  will 
^  seen  narrowing  into  the  ureter.  The  section  may  of  course 
^ve  missed  the  ureter ;  it  is  also  very  likely  to  have  cut  one  or 
ther  of  the  pyramids  higher  up  than  the  attachment  of  the  calyx, 
tk  which  case  of  course  the  projection  of  the  papilla  of  the  pyramid 
tkto  its  calyx  is  not  seen. 

The  pyramids  are  separated  from  each  other  laterally,  above 
he  attachment  of  their  respective  calyces,  partly  by  a  small  quan- 
ity  of  cortical  substance  which  creeps  down  their  sides  towards 
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the  pelvis  (columns  of  Bertini),  and  also  by  the  larger  branches  o:<z>  ^  of 
the  blood  vessels  which,  lying  outside  the  pelvis,  and  dividing  a&js  '^  as 
it  divides,  plunge  into  the  substance  of  the  kidney  between  th»xf  ^  the 
calyces  and  so  between  the  pyramids,  and  then  run  outward&f^rSiJBid 
towards  the  junction  of  the  cortex  and  medulla  to  be  distributec>^><J^  JLte< 
in  a  manner  which  we  shall  describe  presently.  The  kidney  iu  ^v^  i 
really,  as  is  seen  in  the  embryo  kidney  of  man  and  indicated  hjr^J'  Jl  b 
the  adult  kidney  of  some  animals,  composed  of  lobes,  each  lob»<f  olol 
consisting  of  a  more  central  medulla  in  the  form  of  a  pyrami  J>  r  rumit 
covered  especially  at  its  base,  but  also  to  a  certain  extent  at  th».cf  ^  tli 
sides  by  cortex,  and  opening  at  its  apex  into  an  appropriat»^.J3jr-ia1 
division  of  the  ureter.  As  in  other  glands  the  larger  brancnes  oo  stss  < 
the  blood  vessels  run  in  the  connective-tissue  joming  the  lobe^KJ'cDob 
together,  and  pass  thence  into  the  lobes.  In  the  adult  kidney  th»  cf  ^  ^  ti 
lobes  have  become  more  or  less  fused  together.  In  the  cortex  th*xf  ^  .  tl 
fusion  is  complete,  but  the  pjnramids  still  maintain  the  mednlt  f  I"  r #"  Jul 
in  a  lobed  condition,  separated  however  laterally  by  nothing  morso-cxno 
than  by  blood  vessels,  with  the  connective-tissue  carrying  them,  ao».CKi4S  « ^ 
a  remnant  of  cortical  substance.  The  surfieuse  of  the  kidney,  aav^y^^ri^  sa* 
in  abnormal  cases,  shews  no  indications  of  division  into  lobes :  thrC^  .  tl 
uniform  level  of  the  cortex  is  bounded  by  a  capsule  of  connective "^^-^itti^ 
tissue,  which  may  be  easily  stripped  off  from  the  cortical  subetano^^^*^ 
below,  and  which  at  the  nilus  is  continuous  with  the  connective^^i*^*^^ 
tissue  surrounding  and  binding  together  the  ureter,  renal  veasel^^**^*'^^ 
and  renal  nerves.  A  quantity  of  adipose  tissue  not  infrequentll^t'-^^^^* 
surrounds  the  kidney,  being  especially  abundant  at  the  hilus.  ^  ^m-w 

§  394.  Each  tubule  begins  as  we  have  said  in  a  Mnlpighii  MW  r  ^^'"m 
capsule  somewhere  in  the  cortex,  either  near  the  capsule  or  nea*:^^^^^ 
the  base  of  a  pyramid  or  at  some  intermediate  level  IVom'CX'*'^! 
thence  it  runs,  we  have  also  said,  first  as  a  twisted  tubule  nnfT'^*  ^' 
subsequently  as  a  straight  tubule ;  but  in  the  first  part  of  if  ^  '^  ^^ 
course  its  path  ia  so  peculiar  that  the  word  twistea  does  noMJt^  ^^ 
accurately  describe  it.  Moreover  the  characters  of  the  tubuT-tr^'"^ 
change  so  markedly  at  various  parts  of  its  course,  and  thogg^-"^*"?^ 
changes  are  probably  of  such  great  importance,  that  a  deacriptioi^^^t*^ 
of  the  tubule  at  successive  steps  of  its  progress  along  its  whoo-rf^''"^* 
length  becomes  advisable,  though  we  at  present  do  not  unde^-E''^^^ 
stand  the  meaning  of  the  various  chan&;ea  As  we  shall  m^^  ^^ 
some  of  these  complex  peculiarities  of  tne  mammalian  'kidn#^cx^K^^/ 
are  partly  explained  by  the  structure  of  the  kidney  of  one  of  ^^^  f^c 
lower  animals,  such  as  a  frog.  It  will  be  oonvement  to  deacnTMr^^'be 
first  some  details  of  the  general  course,  and  to  study  the  chsaiffS^^^Jl^ 
in  character  subsequently. 

Leaving  the  capsule  the  tubule  forms  in  the  neighboori:  ^""^^ 
cortex  several  sharp  but  rounded  turns,  and  in  this  part  of '         ^^ 
course  is  very  distinctly  a  twisted,  contorted,  cawooluted  tubule.  It 

then,  ceasing  to  be  distinctly  convoluted,  takes  on  a  wavy         or 
gently  spiral  or  sometimes  almost  straight  course,  being  direct::^^^ 
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Radially  towards  the  medulla.  In  this  part  of  its  course  it  is 
epoken  of  as  the  spiral  tubule.  Still  continuing  its  radial  course, 
the  tubule,  suddenly  diminishing  very  much  in  width,  passes  on 
for  some  distance  right  down  into  the  pyramid  below,  until,  at  a 
level  which  differs  with  the  different  tubules  but  is  always  at 
some  distance  from  the  apex  of  the  pyramid,  the  tubule  bends 
sharply  round,  and  pursues  a  backward  nearly  straight  course, 
parallel  to  its  former  one,  until  it  finds  itself  oack  again  in  the 
cortex  at  some  distance  from  the  medulla ;  the  tubule  in  fact,  in 
continuation  of  the  spiral  segment,  makes  a  loop,  the  loop  o/Henle, 
dipping  do¥m  into  the  medulla  for  a  certain  distance,  and  consist- 
ing of  a  descending  and  an  ascending  limb^  both  of  them  running 
a  radial  course  which  is  straight  or  nearly  so.  The  descending 
limb  is  as  we  have  said  very  narrow,  but  either  before  it  makes  the 
bend,  or  just  at  the  bend,  or  at  some  little  distance  beyond  the 
bend  when  it  has  already  become  the  ascending  limb,  it  enlarges 
somewhat  and  changes  in  character  though  not  reaching  the 
diameter  of  the  spiral  or  convoluted  tubule.  Having  reached 
some  part  or  other  of  the  cortex,  in  a  more  or  less  straight  radial 
line,  the  ascending  limb  of  the  loop  of  Henle  changes  again  in 
character,  becomes  still  wider,  and  runs  in  the  cortex  a  once 
more  distinctly  twisted  course ;  the  twists  however  are  not  round 
but  angular,  giving  the  tubule  a  zigzag  appearance ;  hence  this 
portion  of  the  tubule  is  called  the  zigzag  or  sometimes  the 
irregular  tubule.  Very  soon  however  the  turns  of  the  tubule 
become  rounded,  and  the  tubule  still  running  in  the  cortex 
assumes  characters  almost  identical  with  those  of  the  initial  con- 
voluted portion;  it  now  receives  the  name  of  the  second  con- 
voluUd  tubule.  After  several  turns  of  this  kind,  all  confined 
to  the  cortex,  the  tubule  once  more  changes  in  character  and, 
running  a  second  time  in  a  straight  radial  course  towards  the 
medulla,  becomes  a  collecting  tubule  pursuing  a  straight  radial 
course  directed  towards  the  apex  of  a  pyramid.  The  collecting 
tubule,  joining  other  collecting  tubules,  and  changing  slightly 
in  character,  while  by  repeated  junctions  becoming  larger,  is 
continued  on  as  a  discharging  tubule  which,  joining  other  tubules 
as  it  passes  towards  the  apex  of  the  pyramids,  opens  at  last  into  a 
calyx  at  or  near  the  summit  of  the  papilla  of  the  pyramid. 

Thus  each  tubule  starting  from  a  Malpighian  capsule  becomes 
in  succession  a  first  convoluted  tubule,  a  spiral  tubule,  a  descend- 
&g  and  ascending  limb  of  a  loop  of  Henle,  a  zigzag  or  irregular 
tubule,  a  second  convoluted  tubule,  a  coUectmg  tubule  and 
&udly  a  discharging  tubule.  The  discharging  portion,  the  lower 
P^rt  of  the  collecting  portion,  and  some  part  or  other  of  the  loop 
^f  Henle  lie  in  the  medulla,  and  form  part  of  one  or  other  of  the 
^ynunid&  In  all  the  rest  of  its  course  the  tubule  lies  in  the 
^tlex ;  but  from  what  has  been  said  it  is  obvious  that  the  part  of 
l^Q  tubule  confined  to  the  cortex  can  not  be  called,  along  the 
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whole  length  of  its  course,  a  twisted  or  contorted  tubule.    The 
upper  part  of  the  collecting  tubule  though  still  lying  in  the  corteis: 
runs  nearly  straight ;  the  berinning  of  the  descending  limb  anc> 
the  end  of  the  ascending  limb  of  the  loop  of  Henle  though  lyin^ 
in  the  cortex  are  nearly  straight ;  and  even  the  spiral  tubule  is  not 
far  removed  from  being  straight.     So  that  the  cortex  does  not 
consist  of  convoluted  tubules  only  but  in  part  of  tubules  more  or 
less  straight.     These  however  are  not  dispersed  uniformly  amon^ 
the  convoluted  tubules,  but  are  gathered  into  bundles  which  run: 
in  a  radial  direction  firom  the  bases  of  the  pyramids  through  th» 
cortex  towards  the  capsule.     The  bundles,  of  which  there 
several  to  each  pyramid,  are  called  medullary  rays  or  pyramxdJ&^ 
of   Ferrein  (the    large    pyramids    of   the    medulla    being   thei 
distinguished  as  the  pyramids  of  Malpighi). 

Between  and  surroundings  the  several  medullary  rays  ar 
masses  of  cortex,  seen  in  radial  sections  as  columns  between  tw 
adjacent  rays,  consisting  of  convoluted  tubules,  both  first  aD» 
second,  of  zigzag  tubules,  and  as  we  shall  see  of  Malpighia 
capsules ;  all  the  tubules  in  the  column  are  most  distinctly  twiste^^ct^ 
and  contorted,  since  the  column  contains  only  the  very  beginning 

-  -    -  ^Y^ 


of  the  spiral  tubule,  and  the  collecting  tubule.    The  spiral  tubu 
beginning  in  the  column  of  cortex  between  the  meaullaiy  ra]^, 
makes  at  once  for  a  medullary  ray  down  which  it  runs  to 
a  descending  limb  of  the  loop  of  Henle;   the  ascending 
coming  up  from  the  medulla  runs  in  a  medullary  ray  and  on'.fS'oiii 
leaves  it  to  become  a  zigzag  tubule;  and  each  collecting  tubuflCM- ^xiii 
runs   straight  into   a  medullary  ray  and  thence  away  mto  tV^J^^^e 
medulla     Hence  each  ray  consists  of  spiral  tubules,  descendiiKi^Kiibf 
and  ascending  limbs  (especially  the  latter)  of  the  loops  of  Hen'-i^ira/e, 
and  collecting  tubules.  ^ 

Since  each  medullary  ray  receives  spiral  tubules  and  coUectic:  -5ng 
tubules,  and  gives  off  zigzag  tubules  at  different  levels  above  t"  ■ — ^he 
bases  of  the  pyramids,  it  must  be  thicker  below,  where  it  holds  t  all 
the  tubules  which  it  has  received  or  is  about  to  give  off,  th  — ^an 

higher  up,  where  it  has  already  given  off  some  tubules  and  has  n :30t 

yet  received  all  the  tubules  which  it  will  receive.     It  diminisfcrmes 
in  fact,  pyramid  fietshion  (hence  the  name  pyramid  of  Ferrei        "* 
towards  the  surface  of  the  kidney;  and  indeed  just  below 
capsule  there  is  a  layer  of  some  little  thickness  consisting  enti 
of  cortical  substance,  that  is  of  convoluted  tubules,  the  moduli 
rays  not  having  as  yet  begun. 

It  is  obvious  that  the  upper  part  of  each  pyramid  of  tr:==>-*^^ 
medulla  differs  from  the  lower  part,  in  so  far  as  that  while  tr:^''^ 
latter  contains  straight  tubules  only,  and  these  mostly  dischargi^-  '"^ 
tubules,  the  former  contains,  besides  collecting  and  dischargi— *^S» 
tubules,  the  ends  of  the  loops  of  Henle,  whicn  are  really  pa^ 
of  the  tubules  in  what  we  have  called  generally  their  twisted^ 
devious  course.     Hence  the  upper  part  of  the  medulla  contigu 
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to   the  cortex  is  sometimes  spoken  of  as  the  boundary  zone  or 
intermediate  zone, 

§  396.  Having  thus  traced  out  the  devious  and  complex  path 
taken  by  a  tubule  we  must  study  in  more  detail  the  special 
characters  of  the  several  sections  of  its  course. 

The  Malpighian  Capsule.     Each  tubule  begins  as  we  have  said 
in  a  globular  expansion,  having  in  man  a  diameter  of  about  200/i, 
the  Malpighian  capsule  or  end-capsule.     The  several  capsules  are 
disposed  for  the  most  part  in  series  of  circles  around  the  medullary 
rays  along  their  length,  so  that  in  radial  sections  of  a  kidney 
they  are  seen  in  double  radiating  rows  in  the  columns  of  cortical 
substance  between  the  medullary  rays.     Each  capsule  is  essen- 
tially a  terminal  globular  expansion  of  a  tubule,  and  consists, 
like  the  tubule,  of  a  distinct  and  conspicuous  basement  mem- 
trane,  having  the  ordinary  characters  of  a  basement  membrane 
(§   211),  lined  by  an  epithelium.     At   one  pole   of  the   sphere 
the  capsule  is  continuea  on  into  the  tubule,  its  basement  mem- 
trane  and  its  epithelium  being  continuous  with  the  basement 
inembrane  and  the  epithelium  of  the  tubule ;  at  the  junction  of 
the  two  there  is  a  marked  constriction  or  neck.     At  the  opposite 
pole  a  short  straight  small  artery  (of  whose  relations  we  will  speak 
presently),  vae  affercTis,  runs  into  the  capsule,  driving  before  it  and 
inverting  into  the  cavity  of  the  capsule  the  basement  membrane 
^nd  epithelium  somewhat  in  the  way  that  one  might  thrust  one's 
fist  into  and  so  invert  at  one  part  the  wall  of  a  large  distended 
elastic  ball.     Immediately  upon  its  entrance   into   the   capsule 
the  afferent  artery  divides  into  a  number   of  branches.     Each 
^i^nch  further  splits  up  into  a  number  of  capillary  loops,  the 
^^tuming  limbs   of  the    several   loops  joining,   without   lateral 
Anastomoses,  to  form  a  single  vein-like  vessel,  vas  efferens.     The 
"^hole  lobulated  bunch  of  branching  and  looped  vessels  has  more 
^J"    less   the   appearance   of   a    knot,   and  is  called   the  glome- 
'^ulns.     The   exact   mode   of  division   however  differs   in  differ- 
ent animals  and  apparently  in  different  capsules  in  the  same 
^Sidney;  thus  in  the  capsules  nearer  the  medulla  the  glomeruli 
A^e  larger  and  more  subdivided  than  in  those  nearer  the  surface. 
jTlxe  vas  efferens  starting  from  about  the  middle  of  the  bunch 
^^Bues  from  the  capsule  side  by  side  with  the  vas  afferens,  the 
^rtfice  formed  by  the  inversion  of  the  capsule  being  not  wide 
^{Ut  narrow  so  as  just  to  admit  the  entering  and  issuing  vessels. 
"^lence  the  glomerulus  hangs  as  it  were  into  the  cavity  of  the 
^^^psule  suspended  by  a  narrow  neck  consisting  of  the  afferent 
^^d  the  efferent  vessel,  surrounded  by  the  commencement  of  the 
^^  Verted  portion  of  the  wall  of  the  capsule.    When  the  blood  vessels 
^*^  fully  distended  with  blood  the  glomerulus  fills  the  greater 
I^^ort  of  the  cavity  of  the  capsule ;  when  they  are  constricted  and 
^^utain  little  blood,  a  space  of  some  size  is  developed  between  the 
^UorfEu^  of  the  glomerulus  and  the  opposite  wall  of  the  capsule. 
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The  epithelium  lining  the  wall  of  the  capsule  consists  of  fla.^.^ft:fla 
polygonal  nucleated  ceUs  which  have  almost  an  epithelioi^^^oloii 
character.  Indeed  they  are  seen  with  difficulty  and  are  bes^^cDes 
brought  into  view  by  the  silver  nitrate  method.  These  cells 
on  a  basement  membrane  which  as  we  have  said  is  distinct, 
in  optical  or  other  section  presents  a  sharp  outline. 

The  basement  membrane  over  the  glomerulus  cannot  be  si^       e  s 
readily  distinguished.     It  appears  to  be  completely  fused  with  HimM^  tb 
wall  of  the  capillary  loops,  which  like  other  capillaries  consist  of  ;     '^cDf  \ 
homogeneous  membrane  of  nucleated  epithelioid  plates  oemente»^ct^^te( 
together.     The  epithelium  covering  the  glomerulus,  which  follow 
the  inequalities  of  the  surface,  forming  a  covering  for  and  dippin. 
down  between  the  groups  of  capillary  loop,  and  hence  is  in  cl< 
contact  with  the  blood  vessels,  is  said  to  differ  from  the  epitkeliui 
lining  the  wall  of  the  capsule  inasmuch  as  the  cells  do  not 
closely  resemble  epithelioid  plates,  but  are  flattened  cells,  of 
irregular  in   form,  each  with  a  transparent  or  fedntly  granul&X.KLjIar 
cell-substance  and  rounded  nucleus;  they  are  distinctly  cubio^c^^'ical 
in  the  new-bom  animal  but  become  flatter  in  the  adult.     Thr^ffhus 
each  of  the  capillary  loops  of  the  glomerulus  appears  to  projei^^  CJect 
into  the  cavity  of  the  capsule  in  such  a  way  that   the   bloo^z^^ood 
in  the  vessel  is  separated  from  the  cavity  of  the  capsule,  and  ;       A  so 
from  the  lumen  of  the  tubule,  first  by  a  thin  film  composed         Mi  of 
the  capillary  wall  (with  which  the  basement  membrane  of  tF^^     the 
inverted  portion  of  the  capsule  has  become  fused),  and  next  W       ^^7 
an  epithelium  cell  of  somewhat  peculiar  nature.    As  we  shgi  ^^^hm 
presently  see  some  of  the  problems  concerning  the  secretion       -^=*^  ?^ 
urine  turn  on  the  nature  of  the  processes  carried  out  by  tU-^   ^^ 
film  covered  with  this  epithelium.  ^ 

Each  capsule  is  surrounded  by  a  small  quantity  of  connectiij^'i'^^®" 
tissue  which,  very  scarce  in  the  kidney  generally,  is  more  obvio^i^-t^^^ 
here  than  elsewnere.  A  small  amount  of  connective-tissue  aC-^^  ^^ 
surrounds  the  afferent  and  the  efferent  vessel  of  the  glomeruli  -I  m^Iub, 
but  a  minimum  of  this  tissue  is  carried  into  the  capsule  wii^s^JJ'^^i 
the  glomerulus.  Indeed  the  presence  of  connective-tissue  to  foi 
a  middle  to  or  a  support  of  a  loop  or  even  in  the  depths  of  t 
glomerulus,  cannot  be  definitely  demonstrated.  Hence,  thou, 
we  have  reason  to  think  that  lymphatics  exist  in  the 
around  the  capsule  as  elsewhere  in  the  kidney,  it  has 
maintained  that  lymphatics  are  absent  in  the  glomerulus  betwe^^^^ 
the  blood  vessels.  In  at  all  events  the  peripheral  portion  of  ei 
capillary  loop,  covered  as  it  seems  to  be  closely  by  epithelii 
the  only  exit  of  material  through  the  capillary  wall  le«ids 
through  the  epithelium  into  the  cavity  of  the  capsule. 

The  capsule  is  continued  on  into  a  tubule  by  a  short 
stricted  portion  or    neck;  and   here   the    epithelium   su^ 
changes  m  character  and  puts  on  the  features  which  we  are  n^ 
about  to  describe. 
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In  the  fin^  convoluted  tubule  the  basement  membrane  is 
itinct  and  conspicuous ;  indeed  we  may  say  at  once  that  this 
Wetness  and  sharpness  of  outline  of  the  basement  membrane 
Ids  good  for  the  whole  length  of  the  tuhiUus  urini/erus  until 
t  reach  the  discharging  tubules  in  the  medulla ;  and  here  the 
sement  membrane  is  lost  to  view  simply  because  it  becomes 
led  with  the  connective-tissue  groundwork  or  stroma  which  is 
«cially  well  developed  in  the  lower  part  of  a  pyramid.  Else- 
ere  the  basement  membrane  may  easily  be  recognized  as  an 
baendent  membrane. 

The  epithelium  of  the  first  convoluted  tubule  has  the  following 

iracters.     The  outlines  of  the  cells  are  very  indistinct,  so  that 

)  unfrequently  the  tubule  seems  to  be  Imed  bv  a  layer  of 

[-substance  in  which  rounded  nuclei  are  imbedded,  at  intervals. 

len  the  outlines  are  made  out  it  is  seen  that  each  cell,  which 

\  a  rounded  nucleus  placed  at  about  its  middle,  is  more  or  less 

>ical,  sometimes  of  such  a  height  as  to  leave  a  narrow,  some- 

lee  so  low  as  to  leave  a  fairly  wide  lumen.    The  outer  portion 

the  cell  next  to  the  basement  membrane  is  in  many  specimens 

iated  radially ;  the  appearance  suggests  that  the  cell  substance 

here  composed  of  pnsms  or  rods  stretching  radially  from  the 

lement  membrane  to  or  beyond  the  region  of  the  nucleus  and 

ited  together  by  some  substance   of  a  dififerent  nature;  but 

many  good  specimens  such   a    striation    may  be  absent   or 

istinct.     The  inner  portion  of  the  cell,  next  to  the  lumen,  is 

i  more  ordinary  granular  appearance,  but  the  free  border  is 

aently  jagged,  bc^Biring  irregular  processes  projecting  into  the 

m,  and  having  somewhat  the  appearance  of  broken  cilia,  though 

are  not  of  the  nature  of  cilia.     In  the  frog  and  some  other 

als  the  first  portion  of  the  urinary  tubule  bears  long,  active 

but,  as  we  shall  see,  this  ciliated  portion  corresponds  to  the 

constricted  neck   of  the   tubule  in   the   mammal,  and  is 

ided   by  a  non-ciliated  portion  which   corresponds   to  the 

n  which  we  are  now  describing.    The  whole  cell  stains  readily 

^ply  with  the  ordinary  staining  reagents.     It  may  contain 

kbules  arranged  in  rows,  leaving  spaces  or  vacuoles  when 

•»  is  removed;  sometimes  these  are  very  numerous.     The 

mces  in  fact  presented  by  the  cells  in  this  first  part  of 

nle  differ  very  much  in  different  specimens ;  but  we  have 

mt  no  exact  knowledge  which  will  enable  us  to  correlate 

hese  differences  to  functional  activity. 

spiral  tubule,  which  is  as  wide  as  or  even  wider  than  the 

ed  tubule,  possesses  a  wide  and  regular  lumen.     The  cells 

le  the  tubule  have  much  the  same  character  as  in  the 

d,  but  are  lower  and  more  regular  in  form ;  hence  the 

1  more  regular  lumen ;  their  striation  also  is  less  distinct 

be  absent.     The  rounded  nuclei  of  the  cells  are  very 

la 

U 
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The  descending  limb  of  the  loop  of  Henle  into  which,  as  i  _^ 
passes  down  the  medullary  ray,  the  spiral  tubule  suddenl;^. 
changes,  is  very  unlike  all  the  rest  of  the  tubule,  and  presentc:^^  ^ 
special  features  which  call  to  mind  those  of  a  ductule  of  ; 
salivary  or  pancreatic  alveolus.  It  is  very  narrow,  10  to  15^,  an* 
the  cells  which  line  it  are  somewhat  oval  cells  placed  lengtl 
wise,  each  with  an  oval  nucleus  also  placed  lengthwise, 
a  clear  cell-substance  which  is  thicker  round  the  nucleus  thi 
elsewhere.  In  a  longitudinal  section  of  the  tubule,  optical  ^-^  ^^j 
other,  the  cell  appears  spindle-shaped  with  the  part  round  tl^p^l^^^ 
nucleus  projecting  into  tne  lumen;  the  projections  thus  form*^  _^^ 
on  one  side  of  the  tubule  alternate  with  those  on  the  other  side  so 

that  the  lumen  winds  in  a  wavy  course  between  the  projectioi 
A  transverse  section  shews  corresponding  bulgings  of  the  cells  ii 
the  lumen.     Hence  this  part  of  a  tubule  is  not  wholly  unlike^ 
capillary,  but  may  be  distmguished  by  being  somewhat  lar^r, 
having  a  basement  membrane  distinct  &om  the  cells,  and  by 
cells,  though  clear  in  comparison  with  other  parts  of  the  tubi 
being  not  so  transparent  as  and  staining  more  readily  than 
epithelioid  plates  of  a  capillary. 

The  ascending  limb  over  the  greater  part  of  its  course  prese       -u** 
very  different  characters,  the  exact  point  at  which  the  chuL.  ^^ffi 
takes  place  varjdng,  as  we  have  said,  a  good  deal     The  tubuh 
now  wider,  30/a,  but  not  so  wide  as  the  convoluted  tubule, 
cells,  which  leave  a  narrow  but  regular  lumen,  vary  a  good  d< 
form  but  are   composed  of  cell-substance   which  always  si 
deeply,  £«id  which  m  its  outer  part  is  frequently  striated.     Vi 
commonly  the  cells  as  seen  in  a  longitudinal  section  of  the  tub 
overlap   each   other  so   as  to   present  an    imbricated    thatct::^^^ 
appearance ;  the  nuclei  are  usually  oval. 

The  irregular  or  zigzag  tubule^  in  which  the  ascending  lirrJ^'^* 
running  up  the  medullary  ray  and  leaving  the  ray  at  one  or  otJfc^^^ 
level  to  plunge  into  the  cortex,  ends,  is  a  wide  tubule  which  ta  ^^^^ 
a  course  bending  on  itself  several  times  at  somewhat  sharp  ang'^^^** 
The  cells  are  irregular  in  form,  with  nuclei  which  also  appear^      ^ 
be  irregular,  stain  very  deeply  with  the  staining  reagents,  and    ^^^ 
often  conspicuously  striated  in  their  outer  part ;  the  lumen  is  v  ^^ 
irregular.     This  part  of  the  tubule  may  perhaps  be  considere<^    ^^ 
an  enlarged  ascending  limb  with  exaggerated  featurea 

The  second  convoluted  tubule  so  exactly  repeats  the  featured  ^^ 
the  first  convoluted  tubule  that  the  description  given  for  t-^^^* 
may  be  applied  to  this. 

The  collecting  tubule,  in  which  the  second  convoluted  tul^"*^ 
making  its  way  once  more  to  the  medullary  ray  ends,  is  a  ni         ~" 
tubule  with  a  relatively  wide  lumen.     The  cells  which  line  it 
low   short   cubical   cells,   with    small   rounded  nuclei   and  cl< 
transparent  cell-substance.     They  stain  much  less  readily  tt    .- 
the  cells  in  any  of  the  preceding  parts  of  the  tubule,  even  in   ^  -^^ 
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<ios<jendinff  limb,  and  hence  in  properly  stained  specimens  can  be 
^^^«ily  distm^ished. 

The  dismarging  tubule,  in  which  the  collecting  tubule  passing 
pt.raight  down  into  the  pyramid  ends  after  several  junctions  with 
its  fellows,  has  much  the  same  characters  as  the  collecting  tubule, 
that  it  becomes  increasingly  larger,  and  the  cells  lining  it 
taller  and  more  columnar. 
At  the  mouth  of  the  ultimate  discharging  tubules  as  they 
<^pen  on  the  papilla  of  a  pyramid,  the  single  layer  of  columnar  or 
c^iibical  cells  Iming  the  tubule  becomes  continuous  with  the 
^^pithelium  coating  the  papilla;  and  this,  like  the  epithelium 
lining  the  calyces,  pelvis  and  ureter,  consists  of  two  or  three 
layers  of  cells  of  whose  characters  we  shall  speak  later  on. 

§  396.     Bearing   in   mind   what   we    have   previously   learnt 

oonceming  secreting  epithelium  in  other  glands,  it  is  obvious  that 

the  cells  of  the  convoluted  and  irregular  tubules  are  cells  which 

exhibit  to  an  eminent  degree  the  characters  of  active  secreting 

oells.    The  same  may  be  said,  though  less  emphatically,  of  the  cells 

of  the  spiral  tubule,  and  of  the  ascending  limb  of  the  loop  of  Henle. 

The  cells  of  the  collecting  and  discharging  tubules  on  the  other 

lia.iid  possess  those  characters  which  we  associate  with  cells  lining 

the  conducting  portions  of  a  gland ;  but  in  saying  this  we  may 

x^peat  the  caution  §  240,  that  we  must  not  assume  that  the  cells 

in  such  a  situation  do  nothing  else  than  afford  a  smooth  lining  for 

the  passage  of  material  secreted  elsewhere. 

The  cells  of  the  descending  limb  of  the  loop  of  Henle  are 

peculiar;    they  are   certainly  conducting   rather   than   secreting 

<^ells;  but  the  meaning  of  this  remarkable  loop  of  Henle  is  at 

pi'esent  obscure.     Its  presence  in  the  mammalian  kidney  is  in 

I>a.rt  but  only  in  part  explained  by  the  characters  of  the  urinary 

tubule  in  the  lower  animals.    In  the  frog,  newt  and  other  amphibia 

the  tubule  begins  as  in  the  mammal,  in  a  Malpighian  capsule, 

^lid   the   first   part   of   the   tubule    succeeding   the    Malpighian 

^^psule  is  lined  by  clear  cells  leaving  a  narrow  lumen  into  which 

pi'oject  from  the  cells  remarkably  long  cilia  directed  downwards 

^od  moving,  in  the  living  kidney,  with  an  undulatory  movement. 

This  first  part  is  obviously  a  conducting  part,  and  is  represented 

^n  the  mammalian  kidney  by  nothing  more  than  the  constricted 

^eck  which  joins  the  capsule  to  the  convoluted  tubule ;  we  may 

?peak  of  it  as  the  first  conducting  portion.     The  succeeding  part 

^    a  wider  tube  lined  by  cells  which  bear  no  cilia,  but  whose 

free  border  is  beset  by  short,  rigid  narrow  processes,  like  short 

^Hstles.     This  is  obviously  a  secreting  portion,  and  we  may  speak 

^^  it  as  the  first  secretmg  portion ;  it  corresponds  to  the  first 

Convoluted   and   the    spiral   tubule   of   the   mammalian    kidney, 

^jHough  the  cell-substance   is   not   striated   jus   in   the   mammal. 

There  next  follows  a  section  in  which  the  tubule  is  of  much 

ower  diameter  and  the  cells,  formed  of  clear  cell-substance. 
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again  bear  long  cilia,  constituting  a  second  conducting  portion 
This  second  conducting  ciliated  portion  is  in  turn  succeeded  by 
division  of  much  larger  diameter  in  which  the  cells  are  most 
distinctly  striated  and  otherwise  resemble  the  cells  of  the  con- 
voluted tubules  of  the  mammalian  kidney,  thus  constituting  tha 
second  secreting  portion.     The  succeeding  portions  of  the  tubuW 
have  the  character  of  conducting  tubules,  and  join  their  fellow 
to  fall  ultimately  into  the  ureter.     Obviously  the  second  secreting 
portion  is  represented  in  the  mammal  by  the  second  convolu 
tubule,  the   zigzag  tubule   and  the   ascending  limb  of  Henle^  s 
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loop,  while  the  descending  limb  of  Henle's  loop  corresponds  L>  -fco 
the  second  conducting  ciliated  portion  of  the  amphibian  tubulc"^  ^ ; 
the  cilia  however  have  entirely  disappeared,  and  the  likeness  "  is 

confined  to  the  narrowness  of  the  whole  tubule  and  the  absence  ^c^e 
of  secreting  characters  in  the  cells.     Why  however  the  kidn( 
of  the  lower  animal  possesses  this  reduplication  of  secreting 
conducting  portions,  and  why  remains  and  remains  only  of  tl 
reduplication  should  thus  be  preserved  in  the  mammalian  kidne 
has  not  yet  been  satisfactorily  explained. 

§  397.  The  vascular  arrangements  of  the  kidney  desei 
special  attention.  The  renal  artenr  approaching  the  kidney  s  ^^ 
the  hilus  divides  into  branches  which  slipping  round  the  pelv^i^^"'^^'^ 
enter  into  the  substance  of  the  kidney  at  the  angles  formed  \^  ^J 
the  branching  of  the  pelvis  into  calyces,  and  therefore  between^'  -^^'^ 
the  pyramida.  Running  radially  between  the  pyramids  tK'  "^^ 
branches,  reaching  the  boundary  between  cortex  and  meduir  ^\f' 
divide  and,  spreading  laterally,  form  at  the  bases  of  the  pyramid- 
arches  more  or  less  concentric  with  the  hilus.  From  these  arch< 
which  anastomose  to  a  certain  extent  with  other,  vessels 
on  the  one  hand  to  the  cortex  and  on  the  other  to  the  medulla. 

To  the  cortex  are  given  oflF  relatively  large  arteries  which 
in  a  radial  direction  towards  the  surface  in  the  masses  of  coi 
between  the  medullary  rays.     From  each  of  these  interlobular  ^^^ 

radiate  arteries  as  they  are  called,  short  relatively  thick  brand 
are  given  off  at  intervals  on  all  sides;  these  taking  a  coi 
somewhat  curved,  with  the  convexity  directed  towards  the  si 
of  the  kidney,  end,  without  branching,  in  Malpighian  capsuh 
they  are  the  afferent  vessels  spoken  of  previously.   Other  brancli^^'  ^^ 
of  the  same  radiate  arteries  break  up  into  capillaries  surroundi' 
the  tubules,  this  being  especially  the  case  near  the  surface 
the  kidney.    The  efferent  vessels  from  the  Malpighian  capsules 
break  up  into  a  capillary  network  which,  embracing  the  tubul 
becomes  continuous  with  the  other  network,  the   meshes 
rounded  or  polygonal  in  the  cortical  substance,  but  more  elongate 
radially  in  the  medullary  rays.     The  blood-supply  here  repeats 
a  small  scale  the  portal  system  of  the  liver,  since  a  vessel  fonm. 
by  the  union  of  capillaries  breaks  up  in  capillaries  once  more. 

From  the  same  arterial  arches  at  the  boundary  of  the  cort 
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x^d  medulla  branches  are  also  given  off  to  the  medulla,  that  is  to 
^y  to  the  pyramids.  These  running  in  a  straight  or  rather  radial 
iirection  down  the  pyramids,  as  arterice  rectos,  but  soon  breaking 
jp  into  bundles  of  smaller  vessels  also  running  radially,  supply 
11  the  medullary  substance  of  the  pyramids  with  blood,  formmg 
arpillary  networks  with  meshes  elongated  radially. 

From  the  capillaries  of  the  pyramids  veins  are  gathered  up, 
od  these  running  radially  upwards  £ei11  into  venous  arches,  which, 
ke  to  and  even  better  developed  than  the  arterial  arches,  are 
Ificed  at  the  boundary  between  the  cortex  and  medulla.  Following 
aversely  the  course  of  the  arteries  these  venous  arches,  forming 
lore  numerous  anastomoses  than  do  the  arteries,  fall  into  veins 
'bich  running  radially  between  the  pjrramids  join  together  over 
le  pelvis  of  the  kidney  and  form  eventually  the  renal  vein; 
bis,  running  in  company  with  the  renal  artery,  falls  into  the 
ena  cava  inferior. 

From  the  capillaries  of  the  cortex,  including  the  medullary 
skys,  the  blood,  some  of  which  as  we  have  seen  has  passed  through 
be  glomeruli  of  the  Malpighian  capsules,  but  some  of  which  has 
ot,  is  gathered  up  into  radiate  veins  which  running  radially 
xii^ards  to  the  boundary  zone  fall  into  the  venous  arches  spoken 
r  above.  At  the  surface  of  the  cortex  the  small  veins  are  apt  to 
e  arranged  in  a  somewhat  star-shaped  fashion,  and  are  spoken  of 
3  vencB  gtellatcB. 

Relatively  to  the  bulk  of  the  kidney  the  renal  artery  has  large 
imensions.  Coming  off  directly  from  the  aorta,  where  the  blooa- 
x^essure  is  very  high,  and  being  comparatively  short,  it  affords 
tvourable  conditions  for  an  ample  supply  of  blood  to  the  organ,  the 
conditions  being  made  still  more  favourable  by  the  low  pressure 
acisting  in  the  vena  cava  inferior.  And,  as  a  matter  of  fact,  the 
lood-supply  to  the  kidney  is  very  large.  That  blood  is  carried, 
s  we  have  seen,  in  the  first  instance  almost  straight  to  the 
oundary  of  cortex  and  medulla,  and  is  distributed  from  that 
sgion.  Hence  it  results  that  the  blood-supply  of  the  pjn:^mids 
onsistine  chiefly  of  conducting  tubules  is  to  a  very  large  extent 
istinct  from  that  of  the  cortex  where  the  tubules  are  chiefly 
derating  tubules. 

We  may  repeat  that  for  its  size  the  kidney  is  most  abundantly 
Applied  with  blood.  In  sections  of  hardened  and  prepared  kidneys, 
lie  arteries,  capillaries,  and  to  a  large  extent  the  veins  are  emptied 
f  their  blood,  and  the  capillaries  collapsed  Hence,  judging  by 
tich  specimens  alone,  the  kidney  appears  to  be  made  up  almost  of 
tibulos  alone ;  but  it  must  be  borne  in  mind  that  during  life  every 
iibule  is  netted  round  with  fairly  close-set  capillaries  which  always 
t^  more  or  less  filled  with  blood,  and  at  times  largely  distended 
•^th  blood.  As  we  shall  see  later  on,  the  kidney  by  mere  decrease 
"*■  increase  of  the  blood  flowing  through  it  may  vary  very  widely 
c^  volume. 
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§  398.    The  connective-tissue  which  binds  together  the  tubul 
and  blood  vessels  is  exceedingly  scant}^.    Some  small  amount  ente 
with  the  blood  vessels,  and  is  continued  on  along  their  iarg 
branches,  but  in  the  cortex  the  "  stroma  "  consists  of  hardly  mos 
than  the  basement  membranes  of  the  tubules,  with  a  few  connective* 
tissue  corpuscles  imbedded  in  a  scanty  homogeneous  not  fibrillat 
matrix  lying  between  them ;  around  the  capsules  this  stroma 
rather  more   abundant  than  elsewhere,  and   here   is   rnmrtim  ^m  m  ^ 
iibrillated.     In  the  pyramids,  especially  at  their  lower  parts,  a 

larger  amount  of  a  similar  homogeneous  matrix,  containing  c 
nective-tissue  corpuscles,  is  found  oetween  the  tubules;  and  si 
here  the  basement  membrane  of  the  tubule  is  fused  with  t 
stroma,  the  tubule  appears  as  a  tubular  cavity  hollowed  out  of 

the  matrix  or  stroma  and  lined  with  epithelium. 

The  whole  kidney  is  surrounded  by  a  capsule,  consisting 
ordinary  connective-tissue  £«id  continuous  at  the  hilus  with 
connective-tissue  forming  the  outer  walls  of  the  pelvis  and  ure 
This  capsule  may  after  death  be  peeled  off,  and  slender  proc 
of  connective-tissue   with   some   blood  vessels  passing  from 
capsule  into  the  cortex  are  then  disclosed. 

In  the  scanty  stroma  are  numerous  lymph-spaces,  the  ly 
from  these  being  collected  into  lymphatic  vessels  which  in 
leave  the  kidney  by  the  hilus  together  with  the  blood  vessels, 
in  part  run  in  the  capsule  and  leave  the  kidney  on  its  con 
surface.     The  capsule  is  described  as  separable  mto  two  lay 
and  the  lymphatic  vessels  run  chiefly  between  these  layera 

§  399.     As  the  renal  artery  passes  to  the  kidney  it  is  inves- 
by  a  number  of  (twenty  or  less,  in  the  dog  a  dozen  or  m 
nerves,  arranged  in  a  plexus,  the  renal  plexus.    The  nerves 
composed  partly  of  medullated  fibres  of  very  different  sizes 
partly  of  non-meduUated  fibres;  numerous  small  ganglia,  diffe 
however  very  much  in  size,  are  scattered  over  the  plexua 

The  nerves  thus  forming  the  renal  plexus  come  chiefly  firom     "^  ^^ 
great  solar  plexus,  and  appear  to  be  more  immediately  connec:^^^ 
with  the  part  of  that  plexus  which  is  called  the  semilunar  gangli  <^^"- 
The   plexus  is  therefore   indirectly  connected  with   the   neX"^'^'^ 
entering  into  the  solar  plexus,  such  as  the  right  vagus  and     *  ^^ 
abdominal  splanchnic  nerves,  great  and  small.     Besides  this     *^  ^^ 
splanchnic  nerves  appear  to  send  filaments  directly  to  the  r^»*'" 
plexus ;  filaments  have  also  been  traced  to  the  left  kidney  fr^^l" 
the  left  vagus  (which  does  not  join  the  solar  plexus),  and  it      |^ 
contended  that  filaments  firom  the  right  vagus  also  make  tb^^*"^ 
way  direct  to  the  right  kidney,  without  distinctly  communicati-^8 
with  the  solar  plexus. 

As  we  shall  see  there  is  experimental  evidence  that,  in  ^  y 
dog,  nerve  fibres  fix)m  the  anterior  roots  of  the  11th,  12th  a^"^^^ 
I3th  dorsal  spinal  nerves  and  even  a  few  fibres  from  still  lo^^^^^ 
nerves  find  their  way  to  the  renal  plexus  and  so  to  the  kidt*^^^ 


<^AP.ni.]      ELIMINATION   OF  WASTE  PRODUCTS.         647 


ieee  make  their  way  from  the  sympathetic  chain,  into  which 

tiliey  first  pass  either,  by  joining  the  splanchnic  nerves  low  down, 

ij  a  more  direct  course,  to  the  solar  plexus,  and  thence  to  the 

plexus. 

Nothing  very  definite  is  known  of  the  termination  of  the  renal 
Hxerves  within  tne  kidney.  Some  of  them,  and  considering  how 
^v&scular  is  the  kidney,  probably  a  large  number,  end  in  the  blood 
^vessels ;  but  some  of  them  must  have  other  endings.  We  have, 
liowever,  no  evidence  that  any  of  them  are  connected  with  the 
«3pithelium  of  the  tubules.  Since  under  abnormal  circumstances 
a^flFerent  impulses  sufficient  to  give  rise  to  very  great  pain  may 
up  to  the  central  nervous  system  from  the  kidney,  at  least 
the  pelvis  of  the  kidnev,  some  of  the  fibres  of  the  renal 
uerves  are  afferent  fibres ;  ana  some  of  the  medullated  fibres  are 
>bably  of  this  nature. 


SEC.  2.     THE  COMPOSITION  AND  CHARACTERS  OP— 

URINE. 

§  400.  These  are  so  fully  dwelt  upon  in  special  works  that  'we 
may  confine  ourselves  here  to  salient  points.     The  healthy  urin^^ae  of 

man  is  a  clear  yellowish  slightly  fluorescent  fluid,  of  a  pecu Iwr 

odour,  saline   taste,  and  acid  reaction,  having  a  mean  8pecn»ific 
gravity  of  1*020,  and  generally  holding  in   suspension   a  li  ^^ttle 
mucus.      The    mucus,   when    present,   comes   from    the    uiii]«==»ary 
passages,  as  do  also  the  occasional  epithelial  cells.    All  the  rees^^^  ^^ 
the  urine  may  be  considered  as  the  secretion  of  the  kidney. 

The  urine  as  we  have  said  is  the  chief  channel  by  wmch  Bm^^som 
matters  leave  the  body,  a  small  quantity  only  passing  by  the  fi^»  skin 
and  practically  none  by  the   lungs.     Hence,  neglecting  for  ^e 

present  the  skin,  we  may  say  that  all  the  substances  taken  into 
body  sooner  or  later  leave  the  body  by  the  urine,  save  the  few 
stances  which  may  be  retained  permanently  within  the  body 
the  substances  which  make  up  the  body  at  the  moment  of     /to 
death.    We  accordingly  find  that  the  urine  contains  a  large  nun^A^^^ 
of  substances,  the  exact  amount  of  each  substance  present  in  .^^^ 
given  quantitv  of  urine  varying,  in  the  case  of  every  substanc^^^^^ 
somewhat,  and  in  the  cases  of  many  substances  very  largely,  from   ^^\^ 
time  to  time.     The  composition  of  urine  is  not  only  complex  but 
extremely  variable.  y^ 

Moreover  a   little   consideration  will  shew  that  the   several  >^ 

substances  present  in  urine   must   have   very  different  histories.  ^ 

Some  of  the  constituents  of  urine  appear  in  it  in  the  exact  form  in  ^ 

which  they  were  introduced   into  the   mouth;  they   have   been  ^ 

simply  absorbed  from  the  alimentary  canal  into  the  block!  and  - 

excreted   by  the   kidney  without   undergoing  change;   they  are 
derived  directly  and  without  change  fit)m  the  food. 

Others  again  are  the  products  of  changes  which  the  food  has 
undergone  in  the  body ;  and  these  changes  may  be  slight  or  may 
be  extensive,  and  may  take  place  on  the  one  hand  in  the  alimentaiT 
canal,  or  during  a  brief  transit  of  the  substance  in  the  blood- 
stream, or  even  in  the  urine  itself,  may  so  to  speak  be  superficial ; 
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^jr  on  the  other  hand  may  take  place  in  the  very  depths  of  the 
^^asues  and  be  closely  associated  with  the  very  life  of  the  tissues. 
^  o  shall,  however,  have  to  return  to  these  matters  later  on,  and 
L V  here  brieflv  consider  what  substances  are,  normally  and  abnor- 
Jly,  present  m  urine,  and  the  chief  features  of  the  fluid  itself. 
§  401.  Besides  w(Xter,  the  constituents  of  urine  are : — 
Nitrogerums  Crystalline  Bodies,  Neglecting  the  small  propor- 
of  these  bodies  which,  especially  in  the  case  of  flesh  eaters, 
introduced  into  the  economy  with  the  food,  as  kreatin  and 
^lie  like,  and  so  pass  into  the  urine  with  no  or  with  comparatively 
little  change,  we  may  on  the  whole  regard  the  substances  of  this 
^^lass  as  the  products  of  the  changes  which  the  proteid  matters 
C^nd  allied  substances  such  as  gelatin  and  the  like)  present  in 
*<>od  have  undergone  either  while  the  food  was  simply  food,  still  in 
'tile  alimentary  canal  for  instance,  or  after  the  food  had  been  built 
^^p  into  the  tissues  of  the  body. 

Of  these  by  far  the  most  important,  in  the  urine  of  man  and 
'^lEiammalia,  is  the  body  urea  (NjH^CO).  It  is  the  chief  form  in 
"^hich,  in  these  animals,  nitrogen  leaves  the  body.  We  shall  have 
"to  discuss  the  relations  and  formation  of  urea  later  on,  but  mean- 
^'hile  we  will  simply  state  that  it  has  remarkable  double  con- 
"tiections  with  two  great  groups.  On  the  one  hand  it  is  related  to 
^he  ammonia  group,  and  by  hydration  is  readily  converted  into 
«iinmonium  carbonate  (N,H,CO  +  2H,0  =  (NHJ.CO,).  On  the 
^ther  hand  it  is  related  to  the  great  cyanogen  group,  ammonium 
^yanate  and  urea  being  isomeric,  and  the  former  by  simple  heating 
being  converted  into  the  latter  (NH, .  CNO  =  N,H^CO). 

Though  a  base,  forming  salts  with  acids,  such  as  nitrates, 
Oxalates,  &c.  urea  occurs  in  urine  in  a  free  and  independent 
^^ondition. 

Closely  allied  to  urea,  occurring  apparently  as  a  bye  product  of 
the  same  line  of  metabolism,  is  uric  add  (CgH^N^Oj,),  which  is 
found  always  in  the  urine  of  man,  occurring  in  small  but  variable 
5l^antity.  In  the  urine  of  some  animals  such  as  birds  and  reptiles 
^t  occurs  in  abundance,  and  indeed  in  these  replaces  urea  as  the 
^hief  nitrogenous  excretion.  Uric  acid  is  a  more  complex  body 
than  urea,  one  molecule  of  uric  acid  splitting  up,  under  the 
^J^uence  of  certain  reagents,  into  two  molecules  of  urea  and  a 
^^mpound  of  oxalic  acid.  Its  decomposition  products  however, 
^^der  different  reagents,  are  very  numerous  and  complex  though 
^^^ea  occurs  among  them  frequently  and  characteristically.  Uric 
^^d  may  be  synthetically  produced  out  of  urea  and  glycin 
(glycocoll). 

It  is  a  weak  dibasic  acid,  and  occurs  in  normal  human  urine, 
^ot  as  a  free  acid  but  as  an  acid  salt,  being  combined  with  potassium 
!^d  sodium,  and  to  a  less  extent  with  calcium  and  ammonium. 
-^  quite  normal  urine  these  salts  are  soluble  in  the  urine,  even 
^ter  the  fluid  has  cooled  down  to  the  ordinary  temperature  of  the 
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ir;  but  not  infrequently  the  urates,  soluble  in  the  urine  at 
/emperature  at  which  it  leaves  the  body,  are  precipitated  w 
the  fluid  cools,  forming  the  well  known  "  deposit  of  urates." 
further  standing  the  salts  are  apt  to  be  decomposed  and  thus 
give  rise  to  crystals  of  uric  acid. 

Besides   urea  and  uric  acid   the   urine   contains   small    t? 
variable  quantities  of  more  or  less  nearly  allied  bodies  such 
kreatinin,  xanthin,  hypoxanthin,  and  guanin.     Concerning  thes9^^    <$ 
we  will  at  present  only  say  that  kreatmin  is  a  hydrated  form  ojF^^^^ 
the  body  kreatin  which  we  spoke  of  (§  62)  as  a  constituent  ^'^^jt^.^ 
muscles.     Kreatin  by  hydration  is  readily  converted  into  krea-        ^^^\j> 
tinin,    and    kreatinin    by    dehydration    mto    kreatin;    kreatin  ^ ^^  , 

introduced  into  the  alimentary  canal  or  into  the  blood  appears  ^  ^^ 

in  the  urine  as  kreatinin  ;  and  in  flesh  eaters  some  at  least  of  the  ' 

kreatinin  of  the  urine  is  derived  directly  from  the  kreatin  present  ^*' 

in  the  meat  eaten  as  food ;  but  we  shall  discuss  the  subject  of 
kreatin  later  on.  .^V 

Besides    the    above,  such  bodies    as   leucin,  taurin,  cystin.  lit 

allantoin  and  ammonium  oxalurate  are  occasionally  found  in 
urine,  but  cannot  be  regarded  as  constituents  of  normal  urine.  ^i 

In   the   urine   of  man  hippuric  acid   appears  to  be  always  ^ 

present  in  small  quantities,  and  in  the  urine  of  herbivora  occurs  ^ 

in  large  quantities.  In  these  latter  it  is  derived  more  or  leas 
directly,  by  changes  of  which  we  shall  have  to  speak  in  a 
succeeding  chapter,  from  constituents  of  the  food  containing 
bodies  belonging  to  the  aromatic  group  (benzoic  acid  series) ;  but 
the  small  quantity  present  in  man  and  other  camivora  appears  to  ^ 

come  from  the  metabolism  of  proteid  matter  which,  as  we  have  ^ 

already  seen,  contains  an  aromatic  constituent.    Another  member  7^ 

of  the  aromatic  group,  tyrosin,  is  occasionally  present  in  urine;  and  ^ 

as  more  regular  constituents  of  normal  urme  may  be  mentioned  ^ 

certain  phenol  compounds,  such  as  phenylsulpnuric  acid,  the 
phenol  constituents  of  which  are  derived  from  the  action  of 
micro-organisms  in  the  alimentary  canal,  see  §  282;  these 
substances  though  they  no  longer  contain  nitrogen  take  origin 
from  bodies  of  tne  aromatic  series.  Similar  changes  are  also  the 
source  of  indigo  compounds  (indican)  in  the  urine,  derived  from  rMWt 

indol,  see  §  249. 

§  402.    Inorganic  Salts,    These  for  the  most  part  exist  in  urine  ^9£ju 

in  natural  solution,  the  composition  of  the  ash  almost  exactly  cor-  — -x^«r 

responding  ^vith  the  results  of  the  direct  analysis  of  the  fluid ;  in  MOKiin 

this  respect  urine  contrasts  forcibly  with  blood,  the  ash  of  which  is  ^x  is 

largely  composed  of  inorganic  substances,  which  prerious  to  the  ^xie 

incmeration  existed  in  peculiar  combination  with  proteid  and  other  "m^xr 

complex  bodies.     In  the  ash  of  urine  there  is  rather  more  sulphur  'vxjr 

than  corresponds  to  the  sulphuric  acid  directly  determined;  this         sssOs 
indicates  the  existence  in  urine  of  some  sulphur-holding  complex  3C^x 

body.     And  there  are  traces  of  iron,  pointing  to  some  similar  iron-         —  Mi- 
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Holding  substance.     But  otherwise,  all  the  substances  found  in  the 
Ash  exist  as  salts  in  the  natural  fluid. 

The  chief  bases  are  sodium,  potassium,  calcium  and  magnesium 
ill  the  form  of  chlorides,  phosphates  and  sulphates.  The  exact  way 
in  which  the  several  bases  and  acids  are  combined  is  to  some 
^^'Xtent  a  matter  of  uncertainty ;  but  sodium  chloride  is  certainly 
present  and  in  considerable  quantity ;  it  is  the  most  abundant  and 
important  inorganic  constituent.  A  large  portion  of  the  phosphoric 
^Mnd  seems  to  exist  as  acid  sodium  phosphate,  the  rest  as  soluble 
<2&lcium  and  magnesium  phosphates  The  remaining  chief  salts, 
•xscurring  however  in  smaller  quantity,  are  potassium  and  sodium 
^ftulphate,  and  calcium  chloride. 

Ammonia  occurs  in   small   quantity,  alkaline   carbonates  are 
juently  found,  traces  of  nitrates  are  at  all  events  occasionally 
present,  as  also  indications  of  silicates  and  of  sulpho-cyanates. 

The  phosphates  are  derived  partly  from  the  phosphates  taken 
such  in  food,  partly  from  the  phosphorus  or  phosphates  peculiarly 
with  the  proteids,  and  partly  from  the  phosphorus  of 
^^rtain  complex  fats  such  as  lecithin.     When  urine  becomes  alka- 
^-iiie  (and,  as  we  shall  presentlv  see,  it  may  do  so  by  changes  taking 
place  in  itself)  the  calcic  and  magnesic  phosphates  are  convertea 
^xi-to  basic  salts  which,  being  insoluble,  are  precipitated,  the  sodium 
phosphate  remaining  in   solution.     When   the   alkalinity,  as   is 
fi'ecjuently   the   case,  is  due   to  ammonia,   ammonio-magnesium 
phosphate  is  formed  and  is  apt  to  appear  in  crystals.     The  sul- 
phates are  derived  partly  from  the  sulphates  taken  as  such  in  food 
^i:xd  partly  from  the  sulphur  of  the  proteids.    The  carbonates,  when 
oocurring  in  large  quantity,  generally  have  their  origin   in   the 
Oxidation  of  such  salts  as  citrates,  tartrates,  &c.     The  bases  present 
depend  largely  on  the  nature  of  the  food   taken.     Thus  with   a 
vegetable  oiet,  the  excess  of  the  alkalis  in  the  food  reappears  in 
*^he  urine ;  with  an  animal  diet,  the  earthy  bases  in  a  similar  way 
^^ome  to  the  front. 

§  403.  Non-nitrogenous  Bodies.  These  exist  in  very  small 
"iviantities,  and  many  of  them  are  probably  of  uncertain  occur- 
**^nce.  Some  of  these  are  organic  acids,  the  most  constant 
perhaps  being  oxalic  acid;  to  this  may  be  added  glycerin- 
plioephoric,  lactic,  formic,  acetic,  butyric  and  possibly  succinic 
^cada  Inosit  has  also  been  said  to  occur  normally.  It  has  been 
^^xaintained  that  minute  quantities  of  sugar  (dextrose)  are  invariably 
pTesent  in  even  healthy  urine ;  this  however  has  not  as  yet  been 
placed  beyond  all  doubt.  The  nature  of  the  substances  which 
Sive  to  urine  its  characteristic  odour  has  not  been  made  out; 
probably  there  are  more  such  bodies  than  one. 

§  4(>4.  Pigments.  Urine  is  always  coloured,  the  tint  var}dng 
from  a  light  to  a  dark  yellow  with  an  admixture  of  brown.  In 
the  course  of  twenty-four  hours,  a  not  inconsiderable  quantity  of 
pigment  must  leave  the  body  by  the  urine ;  but  the  nature  of  the 
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normal  pigment  or  pigments  of  urine  is  at  present  obscure 
the  subject  of  much  controversy.  The  matter  is  apparei 
further  complicated  by  the  presence  in  urine  of  what  Mve 
called  '  chromogens/  that  is  to  say,  bodies  which  are  not  coloi 
themselves  but  which  readily  give  rise  to  pigments  upon  oxidatci-^iaioii', 
and  it  is  probable  that  some  of  these  '  chromogens '  of  the  ui^>..ATVDe 
are  reduction  products  of  the  respective  pigments,  the  reduc*^  ^zition 
taking  place  in  the  urine  after  secretion,  or  during  or  even  ber  ^"""pfc^ 
secretion.  There  is  frequently  present  in  urine,  especially  "^^^  in 
cases  of  fever,  a  pigment  which  has  been  isolated  and  determi^  ^ne^ 
which  has  a  characteristic  spectrum,  and  which  being  maintai-KiJi^e^' 
by  some  to  be  a  derivative  of  bilirubin,  has  been  called  urob*  ^i^'n^ 
It  is  not  this  urobilin  however  which  gives  to  urine  its  ordir        i^ 

colour.     Some  observers,  on  the  other  hand,  maintain  that  nor tu^] 

urine  does  contain  and,  in  part  at  least,  owes  its  normal  ooVoar 
to  a  somewhat  similar  but  diflFerent  body,  which  in  conaequi^Tici^ 
they  have  called  'normal'  urobilin.      It  is  in  fact  not  possiZ/^'^ 
at  the  present  moment,  to  make  definite  and  satisfisu^tory  sta^^^^s. 
ments  as  to  whether  urine  contains  one  or  more  than  one  nonnti^/^^ 

Eigment,  as  to  its  or  their  nature,  as  to  whether  they  are  derivec^^^^)^ 
'om  bile-pigment  or  directly  from  the  hsematin  of  hsmoglobin  ^^^ 
or  in  other  ways,  or  as  to  the  several  steps  by  which  they  are  ff  ^ 
produced.     There  are  also  abnormal   colouring  matters   present  ^ 

on  occasion,  such  for  instance  as  the  peculiar  red  colouring  matter  i 

occurring  sometimes  in  the  urine  of  acute  rheumatism,  which 
has  been  called  uroerythrin ;  but  our  knowledge  concerning  these 
is  very  imperfect. 

§  405.  Ferments  and  other  bodies.  Even  normal  urine  has 
frequently  been  found  to  contain  a  small  quantity,  hardly  amount- 
ing to  more  than  a  trace,  of  proteid  material,  apparently  an 
albumin ;  but  the  normal  presence  of  even  this  small  quantity  has 
been  disputed.  Urine,  however,  certainly  contains  ferment  bodies. 
When  urine  is  treated  with  many  times  its  volume  of  alcohol, 
a  granular  or  flocculent  precipitate  is  thrown  down,  consisting 
chiefly  of  phosphates,  together  with  some  other  substance  or 
probably  several  other  substances,  in  very  small  quantitiea  An 
aqueous  solution  of  the  precipitate,  which  may  be  ft-eed  from 
the  phosphates,  is  both  amylolytic  and  proteolytic  Ferments 
may  also  and  more  readily  be  extracted  firom  unne  by  allowing 
shreds  of  fibrin  to  soak  in  the  urine  for  a  few  hours,  and  then 
removing  and  washing  them.  The  ferments  become  entangled 
in  the  fibrin  in  such  a  way  as  not  to  be  easily  removed  by 
washing.     The  washed  shreds  will  convert  starch  into  sugar ;  and  J 

when  treated  with  dilute  hydrochloric  acid  digest  themselves,  « 
shewing  the  presence  of  pepsin.  By  this  method  it  has  been  -^ 
ascertamed  that  an  amylolytic  ferment  and  pepsin  are  present  -^ 
in  quantities  which  vary  in  the  twenty- four  nours  according  to  ^^ 
the  meals.     Rennin   has  also  been  found,  and  at  times  at  least,      «-  -' 
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rypsin.  From  this  it  appears  that  some  of  the  ferments  of  the 
alimentary  canal  escape  from  the  body  by  the  urine,  being 
»iobably  re-absorbed  directly  fFom  the  respective  glands;  the 
iuantity  moreover  which  thus  escapes  is  insignificant. 

A  small  quantity  of  gas,  about  15  vols.  p.c.,  can  be  extracted 
ty  the  mercurial  pump  from  urine  received  direct  from  the  body 
rithout  exposure  to  air.  The  gas  so  obtained  consists  chiefly  of 
ubonic  acid,  nitrogen  being  very  scanty,  and  oxygen,  occurring  in 
eiy  small  quantities  or  being  wholly  absent.  The  meaning  of 
liis  we  have  already  touched  upon  in  speaking  of  respiration,  see 
359. 

§  406.  The  quantities  in  which  these  multifarious  bodies,  all 
f  which  as  we  have  seen  we  may  perhaps  ree^ard  as  constituents 
f  normal  urine,  are  present  in  aifferent  specimens  of  urine,  vary 
rithin  very  wide  limits,  being  dependent  on  the  nature  of  the 
bod  taken,  and  on  the  conditions  of  the  body.  The  amount  not 
»f  water  only,  but  of  many  of  the  other  'several  constituents, 
"aiies  widely  and  indeed  rapidly,  so  that  the  percentttge  com- 
mtion  of  urine  will  vary  from  hour  to  hour  if  not  from  minute 
«  minute.  The  causes  which  determine  these  variations  in  the 
lature  and  amount  of  urine  we  shall  study  later  on.  Meanwhile 
i^'bat  may  be  called  the  average  composition  of  human  urine  is 
hewn  in  the  following  table  in  which  the  acids  and  bases  are 
ut  down  separately. 

AMOUNTS  OF  THE  SEVERAL  URINARY  CONSTITUENTS  PASSED 
IN  TWENTY-FOUR  HOURS.     (After  Pabkeb.) 


By  an  average                                Per  1  kilo 

man  of  66  kilos.                          of  body  weight. 

^ter 

1500000  grammes    230000  grammes 

t^l  Solids 

riooo 

Urea 

33180                                        -5000 

Uric  Acid 

•555                                        0084 

Hippuric  Acid 

•400                                        0060 

Kreatinin 

•910                                        0140 

Pigment,  and 

other  substances  10000                                        1510 

Sulphuric  Acid 

2012                                        0305 

Phosphoric  Acid 

3164                                       -0480 

Chlorine 

7000                                       1260 

(8-21) 

Ammonia 

•770 

Potassium 

2-500 

Sodium 

11090 

Calcium 

•260 

Magnesium 

•207 

72000 
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§  407.     The  Acidity  of  Urine,     The  healthy  urine  of  man  is 
acid,  owin^  to  the  presence  of  acid  sodium  phosphate,  the  absence 
of  free  acid  being  shewn  by  the*  fact  that  sodium  hyposulphite 
gives  no  precipitate.     The  amount  of  acidity  is  about  equivalent  to 
2  grms.  of  oxalic  acid   in  twenty-four  hours,  but  the  degree  of 
acidity  at  any  one  time  varies  much  during  the  day,  being  in  an 
inverse  ratio  to  the  amount  of  acid  secreted  by  the  stomach  ;  thus 
it  decreases  after  food  is   taken,  and  increases  again  as  gastric 
digestion  comes  to  an  end.     It  varies  with  the  nature  of  the  food : 
with  a  vegetable  diet  the   excess  of  alkalis  in   the  food,  being 
secreted  by  the  urine,  leads  to  alkalinity,  or  at  least  to  diminished 
acidity,  whereas  this  effect   is  wanting  with  an  animal  diet,  in 
which  the  alkalis  are  less  abundant,  earthy  bases  preponderating. 
Hence  the  urine  of  camivora  is  generally  very  acid,  while  that  of 
herbivora  is  alkaline.     The  latter,  when  fasting,  are  for  the  time 
being  carnivorous,  living  entirely  on  their  own  bodies,  and  hence 
their  urine  becomes  under  these  circumstances  acid. 

The  natural  acidity  increases  for  some  time  after  the  urine  has 
been  discharged,  owing  to  the  formation  of  fresh  acid,  apparently 
by  some  kind  of  fermentation.  This  increase  of  acid  frequently 
causes  a  precipitation  of  urates,  which  the  previous  acidity,  even 
after  the  cooling  of  the  urine,  had  been  insufficient  to  throw  down. 
After  a  while  however  the  acid  reaction  gives  way  to  alkalinity. 
This  is  caused  by  a  conversion  of  the  urea  into  ammonium 
carbonate  through  the  agency  of  a  specific  *  organized '  ferment. 
This  ferment  as  a  general  rule  does  not  make  its  appearance 
except  in  urine  exposed  to  the  air;  it  is  only  in  unhealthy 
conditions  that  the  fermentation  takes  place  within  the  bladder. 
and  in  such  cases  is  due  either  to  micro-organisms  introduced 
into  the  bladder  from  without,  during  the  use  of  instruments 
for  instance,  or  to  the  action  of  an  unorganized  ferment,  secreted 
apparently  by  the  walls  of  the  bladder. 

§  408.     Abnormal  Constituents  of  Urine.    The  structural  ele- 
ments found  in  the  urine  under  various  circumstances  are  blood, 
pus   and   mucus  corpuscles,   epithelium    from    the   bladder   and 
kidney,  and  spermatozoa.     To  these  may  be  added  the  so-called 
'  casts  *  which  are  either  '  epithelial  casts,'  that  is  to  say  cylinders 
of  more  or  less  altered  epithelial  cells  shed  from  the  tubules,  or 
structureless   'fibrinous*   casts,  which   are   cylinders   of  peculiar     - 
material  moulded  in  the  lumina  of  the  tubules ;  the  exact  nature  --- 
of  this  material  is  at  present  a  matter  of  doubt ;  it  is  not  always.^^ 
the  same  but  appears  not  to  be  fibrin. 

The  most  common  and  important  abnormal  constituents  oi 
urine  are  albumin,  giving  rise  to  albuminuria,  and  sugar,  gi^inj 
rise  to  glycosuria  or  diabetes.  The  soluble  proteids  generally 
spoken  of  as  *  albumin  *  in  the  urine  differ  in  different  cases.  Thi 
exact  determination  of  their  nature  is  a  matter  of  some  difficulty^^ 
since,  as  we   have  seen,  we  have   in  differentiating  the  variou 
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proteids  to  trust  largely  to  their  behaviour  as  regards  precipitation 
upon  the  addition  of  certain  saline  bodies ;  and  the  presence  of 
saline  bodies  in  the  natural  urine  introduces  complications.     It 
'^'ould  appear,  however,  that  the  proteids  usually  present  are  serum- 
albumin  and  globulin;  these  are  not  however  as  a  rule,  if  ever, 
I>i^sent  in  the  same  relative  proportions  as  in  blood-plasma ;  and 
either  the  one  or  the  other  may  be  present  by  itself     A  form  of 
^Ibumose   (§  203)  called  hemi-alhumosey  is  sometimes  found,  and 
^-ndeed   probably  very  many  distinct  kinds  of  proteids  are  from 
^ime  to  time  present.     If  egg-albumin  be  injected  into  the  blood 
\t»  appears  in  the   urine   as   egg-albumin,  and   peptone  similarly 
^^jected  appears  as  peptone. 

The  sugar  which  is  found  in  the  urine  of  diabetes  is  undistin- 
^r^shable  from  ordinary  dextrose;  but  whether  it  is  absolutely 
i-<ieiitical  with  that  boay,  or  whether  the  sugar  in  all  cases  of 
^iiabetic  urine  is  exactly  the  same,  cannot  perhaps  as  yet  be 
^■egarded  as  definitely  settled. 

When  blood  is  mingled  with  urine  in  the  kidney  and  in  the 
'Urinary  passages  the  constituents  of  the  former  are  of  course  added 
"^^  those  of  the  latter ;  and  when  as  sometimes  happens  chyle  from 
'  tihe  lacteals  makes  its  way  into  the  kidneys  the  urine  contains  the 
fetts  and  other  constituents  of  chyle.  Fats,  however,  may  be  present 
"^thout  the  urine  bein^  distinctly  '  chylous.' 

Cholesterin,  bile-acids,  bile-pigments,  and  one  or  other  of  a 
^Hrge  number  of  bodies  arising  from  a  disordered  metabolism  of 
the  body,  such  as  leucin,  tyrosin,  acetone  (in  cases  of  diabetes), 
oxalic  acid,  taurin,  cystin  and  many  others  are  also  found  more 
or  less  frequently;  some  of  these  indeed  have  been  regarded  as 
^lormal  constituents.     Besides  these  the  urine  serves  as  the  chief 
<ihannel  of  elimination  for  various  bodies,  not  proper  constituents 
of  food,  which  may  happen  to  have  been  taken  into  the  system. 
Thus  various  minerals,   alkaloids,   salts,   pigmentary  and   odori- 
ferous   matters,    may  be    passed   unchanged.     Many  substances 
^hus  occasionally  taken   undergo,   however,   changes  in   passing 
through  the  body ;  the  most  important  of  these,  since  the  changes 
^hich  they  undergo  throw  light  on  the  metabolic  processes  of  the 
l>ody,  will  be  considered  in  a  succeeding  chapter. 


SEC.   3.    THE  SECRETION  OF  URINK 

§  409.     The  facts  which  we  have  learnt  in  a  precedinc^  section  $ 

concerning  the  structure  of  the  kidney  have  shewn  us  that  that  < 

organ,  unlike  the  other  secreting  organs  which  we  4iave  hitherto  I 

studied,  consists  of  two  parts,  so  distinct  in  structure  that  it  seems 
impossible  to  resist  the  conclusion  that  their  functions  are 
different,  and  that  the  mechanism  by  which  the  urine  is  secreted 
is  of  a  double  kind.  On  the  one  hand  the  tubuli  uriniferi  with 
their  characteristic  epithelium  seem  obviously  to  be  actively 
secreting  structures  comparable  to  the  secretmg  alveoli  of  the 
.salivary  and  other  glands.     On  the  other  hand  the  Malpighian  -^ 

capsules  with  their  glomeruli  are  organs  of  a  peculiar  nature  with  i 

an  almost  insignificant  epithelium,  and  their  structure  irresistibly  i 

suggests  that  they  act  rather  as  what  may  be  called  in  a  general  1 

way  a  filtering  than  as  a  truly  secreting  mechanism.     Hence  has  e 

{uisen  the  view,  which  frequently  bears  the  name  of  Bowman  since  ^ 

he  was  the  fii-st  to  put  it  forwaid,  that  certain  constituents  only  of  'iii 

the  urine  are  secreted  after  the  fashion  of  other  secreting  glands 
by  the  tubuli  uriniferi,  and  that  the  rest  of  the  constituents^ 
including  a  great  deal  of  the  water  with  such  highly  soluble  and 
diffusible  salts  as  preexist  in  adequate  quantity  in  the  blood,  are  as 
it  were  filtered  off  by  the  glomeruli  of  the  Malpighian  cs^isales. 
We  shall  see  later  on  reason  to  doubt  whether  we  are  justified 
in  applying  the  term  *  filtration,'  which  has  a  definite  physical  X^ 
meaning,  to  the  process  by  which  water  and  other  substances  pasp 
from  the  blood  vessels  of  the  glomerulus  into  the  lumen  of  the 
tubule ;  for  that  process  is  as  we  shall  find  peculiar  and  complex.  -^ 

But  such  a  doubt  need  not  prevent  us  from  recognizing  that  the      ^^je 
whole  act  of  secretion  of  urine  consists  of  two  parts,  one  of  which    M^h 
is  much  more  closely  dependent  on  the  flow  of  blood  through  the   ^^  je 
kidney  than   is   the   ordinary  process  of  secretion  such  as   has  tt  ■? 
hitherto  come  before  us,  and  another  part  which  seems  to  bear  the^^  je 
same  relation  to  the  flow  of  blood  as  aoes  ordinary  secretion. 

That  the  work  of  the  kidney  is  to  an  unusual  degree  dependents  .^t 
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1  the  flow  of  blood  through  it  seems  suggested  by  the  vascular 
Tangements;  for  these  are  extremely  favourable  to  a  full  and 
^pid  stream  of  blood  through  the  or^^an.  The  short  and  rela- 
vely  broad  renal  artery  comes  off  direct  from  the  abdominal 
>rta,  where  the  blood-pressure  is  extremely  high ;  the  renal  vein 
>ens  directly  into  the  vena  cava,  where  the  blood-pressure  is 
:tremely  low.  Between  the  mouth  of  the  renal  artery  and  the 
outh  of  the  renal  vein  the  difference  of  pressure  is  very  great 
deed  ;  and  as  we  have  seen  in  treating  of  the  vascular  system  it 

the  difiference  of  pressure  between  two  points  of  the  vascular 
^Lct  which  is  the  actual  cause  of  the  flow  of  blood  fix)m  the  one 
►int  to  the  other.  The  difference  of  pressure  indeed  which 
ives  the  blood  through  the  limited  area  of  the  kidney  is  the 
me  difference  of  pressure  which  drives  the  blood  along  the 
KJominal  aorta  down  both  legs  back  again  to  the  vena  cava. 

This  free  and  abundant  supply  of  blood  is  regulated,  is 
ther  increased  or  diminished,  according  to  the  needs  of  the 
oment,  by  the  vaso-motor  system;  this  is  shewn  by  experi- 
ental  ana   other  results,  which  it  will  be   profitable   to  study 

some  detail  Before  entering  into  these  details,  however,  it  will 
'  well  to  call  attention  to  the  fact  that  when  vaso-motor  events 
odify  the  flow  of  blood  through  an  organ  they  produce  their 
Tects  in  one  direction  or  another  by  working  on  arterial  blood- 
•^ssure.  Thus,  as  we  shall  see,  when  stimulation  or  section  of  a 
^Tve  increases  the  flow  of  blood  through  the  kidney  it  does  so  by 
creasing  the  pressure  in  the  small  vessels  of  the  kidney,  including 
le  capillary  loops  of  the  glomeruli.  In  such  a  case  the  walls  of 
Le  glomerular  loops,  through  which  the  passage  of  materials  to 
rm  (part  of)  the  urine  takes  place,  are  subjected  to  two 
Lfluences ;  on  the  one  hand  to  a  fuller,  more  rapid  flow  of  blood 
ist  them^  and  on  the  other  to  an  increase  of  the  pressure  which 
Lat  blood  as  it  passes  along  exerts  on  them.  We  shall  have 
ibsequently  to  discuss  the  share  taken  by  these  two  influences  in 
^termining  and  modifying  the  passage  of  material  through  the 
ctlls  of  the  glomerular  loops ;  and  this  will  bear  on  the  question 

filtration  to  which  we  have  above  alluded ;  but  for  the  present 

MnU  be  convenient  to  deal  with  the  effects  of  variation  in  blood- 
^■^ssure  apart  from  this  secondary  question. 

§  410.  The  vaso-niotor  mechanisms  of  the  kidney.  It  may  be 
lewn  experimentally  that  the  kidney  is  supplied  with  a  vaso- 
motor mechanism  as  well-developed  perhaps  as  that  of  any  other 
^Tt  of  the  body.  By  means  of  a  modification  of  the  plethysmo- 
t^ph  (Figs.  88,  89),  we  can  readily  observe  the  variations  which 
fc-ke  place  in  the  volume  of  the  kidney. 

The  instrument  consists  of  two  parts,  one  of  which  (Fig.  88),  called 
^Q  oncometer  \  is  applied  to  the  organ  about  to  be  studied,  while 

^  From  oneoif  bulk. 
F.  « 


658 


FLOW  OF   BLOOD  THROUGH   KIDNEY.    [BooKii. 


the  other  (Fig.  89),  called  the  oncograph,  is  the  recording  part  of   the 
apparatus.     Any  diminution  in  the  volume  of  the  organ  (Fig.  88,   K)^ 
kidney,  spleen,  &c,  as  the  case  may  be,  diminishes  the  pressure  on.    the 
fluid  in  the  chamber  a ;  some  of  the  fluid  in  the  chamber  Af  (Fig.    BO) 
accordingly  passes  through  the  tube  A' (Fig.  89)  and  the  tube  T  (Fi^-  8S) 
to  the  chamber  a ;  the  piston  D  accordingly  falls  and  with  it  the  le^er 
II,    Similarly  an  increase  in  the  volume  of  the  organ  causes  the  lev-^^T  ^ 
rise. 


:r/» 


u 


Fio.  88.    Benal  Oncoheteb.    Seen  in  section  (semi-diagrammatio).    K,  kidne 
V,  vessels  and  nerves  imbedded  in  fat,  &o.  entering  hiloa  of  organ,  O.C,  and  /.^ 
outer  and  inner  metal  capsules  screwed  together  by  tiie  screw  S,  and  holding  betwefl 
them  the  edge  of  the  membrane  M  which  applies  itself  to  the  surfaoe  of  the  kidne^ 
and  forms  with  the  metal  capsule  two  chambers  a  and  B,  one  of  which  {B)  is  dos 
by  a  plug  filling  the  opening  B,  while  the  other  (a)  conununicates  by  a  tube  T  wii 
the  recording  instrument.    The  other  opening  C  (which  is  closed  by  a  small  tap) 
for  the  purpose  of  filling  the  chamber  a  with  warm  oil,  after  the  kidney  has  1 
placed  in  the  box,  the  other  chamber  B  having  been  previously  partly  filled, 
quantity  introduced  into  it  depending  upon  the  size  of  the  kidney. 

The  volume  of  the  kidney  may  be  increased  by  a  swelling  ^^^ 
its  constituent  cells  and  other  structural  elements,  by  an  accumu 
lation  of  lymph  in  its  lymph-spaces,  and  by  a  distension  of  i 
blood  vessels.     Compared  with  the  third,  the  two  former  caus^^^ 
are  in  health  so  insignificant  and  problematical  that  they  may 


c\ 
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disregarded.     Further,  the  distension  of  the  blood  vessels  will  in 
genenl  depend  on  the  constriction  or  dilation  of  the  renal  arteries 


-^ 


Fio.  S9.  SBsn-DiAOBAMUATio  SECTIONAL  VIEW  OF  Oncoobaph.  Half  natural  size, 
^abe  oonneoting  instniment  with  oncometer.  D  piston  floating  on  oil  contained 
^  the  cavity  M ;  the  oil  is  prevented  from  escaping  by  the  side  of  the  piston  by  the 
^^^licate  flexible  membrane  E,  which  does  not  interfere  with  the  movements  of  the 
^^ton.  if,  recording  lever  connected  with  the  piston  by  a  needle  O  passing  through 
^^e  guides  F,  ¥*,  The  screw  C  is  for  the  purpose  of  clamping  the  edge  of  the  membrane 
^^^tween  the  two  ring-shaped  surfaces  at  N,  while  the  side  tube  L  is  for  the  purpose 
^'  £lling  the  instrument. 

^Ud  their  ramifications,  for  distension  due  to  venous  obstruction 
^^ill  only  occur  in  special  cases.  Hence  variations  in  the  volume 
^f  the  kidney  may  be  taken  as  a  measure  of  variations  in  its 
^Uscular  supply,  increase  of  volume  indicating  dilated  renal 
^easels,  and  decrease  of  volume  indicating  constriction  of  the  renal 
^easels. 

When  by  means  of  the  instrument  just  described  a  tracing  is 
^ken  of  the  volume  of  a  kidney  in  what  may  be  considered  a 
formal  condition,  some  such  result  as  that  shewn  in  Fig.  90  is 
obtained 

The  volume  of  the  kidney  is  seen  to  be  so  delicately  responsive 

^  changes  in  the  mean  arterial  pressure  that  the  curve  reproduces 

almost   exactly  a    blood-pressure  curve,  shewing  not   only   the 

respiratory  undulations,  but  even   the   rise   and   fall  due  to  the 

^^^dividual  heart-beats.     With  each  rise  of  mean  arterial  pressure 

**^ore  blood  is  driven  into  the  renal  vessels  and  the  kidney  swells : 

^^th  each  fall  of  pressure  less  blood  enters  and  the  kidney  shrinks. 

^^^  other  tracings  taken  in  the  same  way  may  often  be  seen  (not 

^t^ewn  in   Fig.  90)   the   wider   variations  corresponding    to    the 
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Traube-Hering  curves ;  but  it  will  be  observed  that  in  these  -t, 
kidney  shrinks  with  the  rise  of  pressure  and  swells  with  the  fi 


//. 


//. 


8L0  0O         PRESSURE 


KIDNEY        CURVE 


Fio .  90.    Blood-pbessurb  tbaoino,  and  Curve  from  Renal  Oncometer.   Nita  ^^ 
size.    The  blood-pressure  abscissa  line  has  been  raised  2*75  cm.  (the  actual  medits-^ 
blood-pressure  having  been  115  mm.  Hg.).    The  time-curve  gives  interruptions 
curring  every  three  seconds. 


For  as  we  have  seen  (§  388)  the  rise  in  the  Traube-Hering  undult 
tion  is  due  to  an  augmentation  of  peripheral  resistance  caused  l^^^ 
the  coustriction  of  minute  arteries ;  and  this  constriction  occurs  i--'^^^ 
the  kidney  as  elsewhere ;  the  renal  arterioles  take  their  share  i^  ^^g 

Producing  the  result,  and  in  consequence  of  their  constriction  th^  ^^ 
idney   shrinks.     Similarly  the   relaxation   of  the   renal   vessels  ^ 
contributes  to  bring  about  the  sequent  fall.  ^^^^^i 

§  411.     In  the   course   of  a  discussion  in  an  earlier  part  oi^^^j 
this  work  (§  171)   on   the   local  and  general   effects  of  arteriaj^^'^^ 
constriction  and  dilation,  we  saw  that  the  local  blood-pressure  m^^g-  jg 
and  flow  of  blood  through  the  capillaries  and  other  minute  vessels^ 
of  this  or  that  vascular  area  may  be  increased —  x 

1.  By  an  increase  of  the  general  blood-pressure,  brought^  ^r^> 
about — (a)  by  an  increased  force,  frequency,  &c.  of  the  heart'^^  * 
beat,  (6)  by  the  constriction  of  the  small  arteries  supplying  areass^*-^^ 
other  than  the  area  in  question. 

2.  By  a  relaxation  of  the  artery  (or  arteries)  supplying  th^^ 
area  itself,  which,  while  diminishing  the  pressure  in  the  arterj^ 
itself,  increases  the  pressure  in    the  capillaries  and  small  vein? 
which  the  artery  supplies.     It  need  hcurdly  be  added  that  thir 
local  relaxation  must  not  be  accompanied  by  a  too  great  dilatioitf 
elsewhere. 

The  same  local  blood-pressure  and  flow  of  blood  may  similarly 
be  diminished —    . 

1.     By  a  constriction  of  the  artery  of  the  area  itself  (and  ii 
branches),  which,  while  increasing  the  pressure  on  the  cardiac  aid— —  ^ 
of  the  artery,  diminishes  the  pressure  m  the  capillaries  and  veil        " 
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^«?'hich  are   supplied   by  the   artery.      This  again  must   not   be 
^accompanied  by  a  too  great  constriction  elsewhere. 

2.  By  a  lowering  of  the  general  blood-pressure,  brought  about 
— ^a)  by  diminished  force,  &c.  of  the  heart  s  beat,  (6)  by  a  general 
dilation  of  the  small  arteries  of  the  body  at  large,  or  by  a  dilation 
of  vascular  areas  other  than  the  area  in  question. 

Applying  these  considerations  to  the  blood  vessels  of  the 
tidney,  we  should  expect  to  find  the  following. 

A  rise  in  general  blood-pressure,  and  that  means  a  rise  of 
pressure  in  the  abdominal  aorta  at  the  mouth  of  the  renal  artery, 
vrill  cause  a  greater  flow  of  blood  through,  and  so  an  expansion  of 
the  kidney,  provided  that  the  renal  arteries  themselves  are  not 
unduly  constricted  at  the  same  time.  This  is  well  shewn,  as  we 
kave  seen,  in  the  curve  given  above,  where  the  increase  of  pressure 
due  to  each  heart  beat,  as  well  as  that  due  to  each  respiratory 
inovement,  being  of  central  origin  and  not  due  to  arterial  con- 
striction and  being  unaccompanied  by  any  compensating  con- 
striction of  the  renal  artery,  leads  to  expansion  of  the  kidney,  that 
^,  to  a  greater  flow  of  blood  through  the  kidney. 

If,  however,  the  rise  of  general  blood-pressure  be  due  to  events 
^hich  at  the  same  time  cause  a  constriction  of  the  renal  arteries, 
the  flow  through  the  kidney  may  not  only  not  be  increased  but 
even  be  diminished ;  the  kidney  may  shrink  instead  of  expanding. 
Thus  if  dyspnoea  be  brought  about,  as  by  stopping  surtificial 
Inspiration  during  an  experiment,  the  kidney  at  once  shrinks ;  the 
too  venous  blood  stimulates  the  vaso-motor  centre,  and  probably 
&lso  by  direct  action  on  the  blood  vessels  leads  to  a  general 
^^rterial  constriction  and  so  to  a  rise  of  blood-pressure;  but  the 
*niial  vessels  are  involved  in  this  constriction,  so  much  so  that  their 
<H>iistricted  condition  more  than  counterbalances  the  general  rise  of 
^lood-pressure,  and  less  blood  flows  through  the  renal  vessels.  So 
^Iso  when  the  medulla  or  spinal  cord  is  directly  stimulated  by  in- 
duction shocks  (the  animal  being  under  urari  so  as  to  eliminate  the 
Complications  due  to  contractions  of  the  skeletal  muscles)  the  renal 
yessels  share  so  AiUy  in  the  arterial  constriction  which  results  that, 
^U  spite  of  the  great  rise  of  mean  pressure  which  is  induced,  less 
^lood  than  normal  passes  through  the  renal  vessels,  and  the  kidney 
shrinks.  Or  if  the  abdominal  splanchnic  nerves  be  stimulated, 
^iuce  as  we  shall  see  these  carry  vaso-constrictor  fibres  for  the 
^dney,  in  spite  of  the  rise  of  blood-pressure  which  follows,  the 
kidney  shrinks  on  account  of  the  great  constriction  of  the  renal 
^easels. 

On  the  other  hand  if  a  rise  of  blood-pressure  be  for  any 
i^'eason  not  accompanied  by  a  compensating  constriction  of  the 
*^iMil  arteries,  that  rise,  whether  it  be  brought  about  by  general 
constriction  of  arteries  other  than  the  renal  or  by  an  increase  of 
tHe  cardiac  delivery,  causes  the  kidney  to  swell,  shewing  a  greater 
flow  of  blood.     Such  a  condition  of  things  may  be  induced  by 
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section  of  the  nerves  of  the  renal  plexus,  whereby  the  paths  of 
all  vaso-constrictor  impulses  to  the  kidney  are  blocked.  After 
this  has  been  done  a  rise  of  general  pressure  whether  by  dyspnoea, 
or  by  direct  stimulation  of  the  spmal  cord,  or  by  stimulation 
of  the  abdomiDal  splanchnic  nerves,  leads  to  a  greater  flow 
through  the  renal  vessels  and  an  increased  expansion  of  the 
kidney. 

A  rise  of  general  blood-pressure  then  may  be  accompanied 
by  either  a  shrinking  or  a  swelling  of  the  kidney,  by  either  a 
greater  or  a  less  flow  of  blood  through  the  kidney,  according 
to  the  concomitant  condition  of  the  renal  vessels ;  or  indeed  may 
under  certain  circumstances  be  accompanied  by  no  change  at  all 
in  the  renal  circulation,  the  local  effects  exactly  counterbalancing 
the  general  ones. 

Conversely,  in  a  similar  way,  a  fall  of  blood-pressure  leads  to  a 
lesser  flow  through  the  renal  vessels  and  a  shrinking  of  the  kidney 
unless  it  be  accompanied  by  a  dilation  of  the  renal  vessels  out  of 
proportion  to  the  general  fall  Thus  when  the  spinal  cord  is 
divided  below  the  medulla  the  fall  of  general  blood-pressure  is,  as 
we  have  seen  (§  173)  very  marked,  being  due  to  an  abolition  for  the 
time  being  of  wonted  constrictor  impulses.  The  pressure  in  the 
aorta  falls  rapidly,  and  at  the  same  time,  owing  to  the  more  open 
pathway  through  the  region  of  peripheral  resistance  in  the  body 
generally,  the  pressure  in  the  vena  cava  is  increased ;  the  difference 
of  pressure  between  the  mouth  of  the  renal  artery  in  the  aorta  and 
the  mouth  of  the  renal  vein  in  the  vena  cava  is  so  largely  reduced 
that  in  spite  of  the  concomitant  relaxed  condition  of  the  renal 
vessels  themselves  the  flow  of  blood  through  the  kidney  is  largely 
diminished. 

It  will  of  course  be  understood  that,  the  &;eneral  blood-pressure  < 
remaining  the  same,  the  flow  through  the  kidney  will  at  once  be  ^ 
on  the  one  hand  increased  by  dilation  and  on  the  other  decreased  ^ 
by  constriction  of  the  renal  vessels  themselves.  The  constricted^^ 
or  dilated  condition  of  the  renal  vessels  can  by  themselves  produc^^^ 
but  little  effect  on  the  pressure  either  in  the  aorta  or  in  th^^ 
vena  cava;  and  the  difference  between  the  pressure  at  th^^ 
mouth  of  the  renal  artery  and  that  at  the  mouth  of  the  reni^^ 
vein  remaining  the  same,  the  more  open  passages  of  the  dilate—  -y 
renal  vessels  must  lead  to  a  fuller,  and  the  narrower  passag^^^ 
of  the  constricted  renal  vessels  to  a  scantier  flow,  through  tl^^e 
kidney. 

§  412.  By  means  of  the  oncometer,  watching  the  nhiiiilrJT^  g 
and  swelling  of  the  kidney  and  thus  judging  of  the  flow  of  bloc:^^ 
through  it,  the  results  being  always  interpreted  with  reference  •cr.o 
the  general  blood-pressure  on  the  lines  of  the  above  discussio 
the  paths  of  vaso-motor  impulses  to  the  kidney  have  be 
approximately  made  out.  Vaso-constrictor  fibres  for  the  kidn 
are  supplied  fix)m  what  we  have  previously  (§  169  and  elsewh 
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?Polen  of  as  the  vaso-constrictor  region  of  the  spinal  cord.     They 

^^Ue  from  the  spinal  cord  by  the  anterior  roots  of  a  large  number 

*^*  the  spinal  nerves  taking  origin  from  this  region,  and  may  be 

^'Uced  (in  the  dog)  as  high  up  as  the  6th  dorsal,  a  few  perhaps 

^Ven  to  the  4th  dorsal,  and  as  low  down  as  the  2nd  lumbar  (4th 

*Umbar  if  only  13  nerves  be  counted  as  dorsal) ;  but  most  seem  to 

P^«s  by  the  11th,  12th  and  13th  dorsal  nerves.     Passing  through 

^he  corresponding  ganglia  of  the  splanchnic  (sympathetic)  cham, 

^hese  fibres  reach  the  solar  plexus  and  thus  tne  renal  plexus  by 

^he  abdominal  splanchnic  nerve ;  those  however  coming  from  some 

of  the  lower  nerves  apparently  do  not  contribute  to  the  splanchnic 

*Jerve,  but   take  a  separate  course.     Centrifugal   stimulation   of 

these  anterior  roots  produces  shrinking  of  the  kidney,  all  the  more 

Ttiarked  and  distinct  in  the  case  of  the  11th,  12th  and  l.Sth  dorsal 

JX>ots  because  the  effect  on  the  kidney  is  then  not  so  much  masked 

by  vaso-motor  effects  on  other  organs.     Stimulation  of  the  higher 

ts  also  produces  shrinking  of  the  kidney  but  less  marked,  since 

these  cases  the  stimulation  bears  at  the  same  time  largely  on 

vaso-constrictor  fibres  for  other  abdominal  organ§,  and  so  by  raising 

the  general  blood-pressure  tends  to  neutralize  the  local  effect  on 

tlie   Kidney.     And  even  the  very  decided  shrinking  of  the  kidney 

Tivhich  results  from  the  stimulation  of  the  splanchnic  trunk  itself 

is  less  than  would  take  place  if  the  stimulation  affected  the  vessels 

of  the  kidney  only. 

§  413.     We  stated  in   §  168  that  by  the   method  of  slowly 
repeated  rhythmical  stimulation  the  presence  of  vaso-dilator  fibres 
in  the  sciatic  nerve  might  be  detected,  though  these  are  largely 
ixdxed  with  vaso-constnctor  fibres;  and  slow  rhythmical  stimu- 
Icttion  of  the  anterior  roots  of  the  above-mentioned  lower  dorsal 
xierves  leads,  not,  as  does  ordinary  rapidly  interrupted  stimulation, 
t>o  shrinking,  but  to  swelling  of  the  kidney,  shewing  that  these 
Txx>ts  contain  vaso-dilator  fibres  as  well  as  vaso-constrictor  fibres. 
The  higher  (anterior)  roots  also  appear  to  contain  some  renal 
^aso-dilator  fibres;  but  the  effect  of  stimulating  them  by  the 
slow  rhythmic  method  is  more  masked  by  a  concomitant  dilation 
of   the  vessels  of   the    other    abdominal    organs,   the    roots  in 
question  containing  vaso-dilator  as  well  as  vaso-constrictor  fibres 
for  those  organs;  this  leads  to  a  fall  of  general  blood-pressure 
"whereby  the  tendency  of  the  kidney  to  swell  is  counteracted.     As 
far  as  can  be  ascertained  at  present  the  paths  of  the  renal  vaso- 
dilator fibres  are  similar  to  those  of  the  renal  vaso-constrictor 
fihres. 

The  kidney  then   is  well  supplied,  especially   through   the 

anterior  roots  of  the  11th,  12th  and  13th  dorsal  nerves,   with 

vftso-constrictor  fibres,  and  is  also  supplied  with  vaso-dilator  fibres. 

^Uie  results  have  seemed  to  shew  that  the  fibres  passing  along 

*«e    roots  of  one   side   of   the   spinal  cord  govern   the   vessels 

'^ot  only  of  the  kidney  of  the  same  side  but  also  to  a  certain 
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extent  of   the   kidney  of  the  other  side;    it  seems    doubtful,  **- 

however,  whether  this  is  really  the  case.  ^ 

There  is  no  satisfactory  evidence  that  the  vagus  nerve  of 
either  side  contains  any  vaso-motor  fibres  reaching  the  kidney 
(see  §  399). 

§  414.  It  is  obvious  then  that  by  means  of  this  vaso-motor 
mechanism  the  fiow  of  blood  through  the  kidney  is  governed  by 
the  central  nervous  system  in  such  a  way  that  afferent  impulses, 
started  in  this  or  that  region  or  surface,  and  passing  up  to  the 
central  nervous  system,  may  lead  either  to  constriction  or  to 
dilation  of  the  renal  vessels ;  and  to  such  actions  of  this  kind  we 
shall  presently  return.  Meanwhile,  we  wish  to  call  attention  to 
the  fact  that  the  volume  of  the  kidney  is  remarkably  sensitive  to 
chemical  changes  taking  place  in  the  blood.  The  injection  into 
the  blood  of  even  a  small  Quantity  of  water  causes  a  transient 
shrinking  of  the  kidney  followed  by  a  more  lasting  exjpansion. 
The  injection  of  urea  and  some  other  diuretics  produces  the  same 
effect  to  a  more  marked  decree,  leading  especially  to  a  swelling 
which  lasts  for  some  considerable  time,  while  tne  injection  of  '^ 

normal  saline  solution,  and  especially  of  such  diuretics  as  sodium  j 

acetate,  causes  an   expansion   from   the  very  first,  the   primaiy  ^ 

shrinking  being  absent.     It  is  moreover  worthy  of  note  that  these  ^ 

effects   of  diuretics   and  of  chemical  changes  in  the  blood   are  -^ 

observed  even  after  all  the  renal  nerves  have  apparently  been 
completely  severed.  Hence  the  chi&iges  in  volume  caused  by  the 
presence  of  these  substances  in  the  blood  must  be  due  to  the  sub- 
stances acting  either  upon  some  peripheral  vaso-motor  mechanism, 
or,  even  more  directly,  on  the  blood  vessels  themselves.  It  may 
be  added  that  they  will  produce  considerable  effects  in  the  kidney  ^^y 

itself  without  appreciably  modifying  the  general  blood-pressure. 

§  416.     If,  while  the   kidney  is  in   the   oncometer,  and  the 
various  experiments  on  section  and  stimulation  of  nerves  and  the 
like  are  being  carried  on,  a  cannula  be  tied  in  the  ureter,  the 
secretion  of  urine  may  be  watched  at  the  same  time.     It  will  then 
be  seen  that  the  flow  of  urine  through  the  end  of  the  cannula  is 
not  equable,  and  does  not  either  increase  or  decrease  in  an  even 
manner.     On  the  contrary,  it  will  frequently  be  found  that  a  sort 
of  ^ush  of  urine  takes  place,  several  drops  following  each  other  in 
rapid  succession,  followed  by  a  cessation  of  flow ;  and  if  the  oretei 
be  watched  it  will  be  seen  that  the  gushes  of  urine  are  syn 
chronous   with   waves  of  peristaltic  contraction  sweeping  do 
the  ureter.     Obviously  the  urine  collects  to  a  certain  extent  i 
the  pelvis  of  the  kidney  and  is  driven  thence  by  muscular  actio 
from  time  to  time ;  to  this  point  we  shall  return  later  on. 

Making  every  allowance,  however,  for  these  irregularities  or 
flow,  we  may  take  the  rate  of  flow  from  the  end  of  the  cannula 
a  measure  of  the  rate  of  secretion;  and  it  is  found  that  as 
general  rule  increased  flow  of  urine  is  coincident  with  swelling  or 
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^he  kidney,  that  is  with  a  greater  flow  of  blood  through  it,  and 
diminished  or  arrested  flow  of  urine  is  coincident  with  shrinking 
of  the  kidney,  that  is  with  a  diminished  flow  of  blood  through  it. 

A  striking  instance  of  this  is  afforded  by  the  experiment  of 
dividing  in  the  dog  the  spinal  cord  below  the  medulla.  The 
blood-pressure  then,  as  we  know,  falls  rapidly,  owing  to  the 
i^moval  of  constrictor  impulses  from  the  small  arteries  and  the 
gireat  diminution  of  peripheral  resistance  which  follows  upon  so 
many  small  arteries  becoming  dilated;  and  though  the  renal 
fitrteries  probably  share  in  the  general  relaxation  yet,  owing  to  the 
fall  of  pressure  m  the  aorta  conjoined  as  this  is  by  a  corresponding 
rise  of  pressure  in  the  vena  cava,  the  flow  of  blood  through  the 
Icidney  is  largely  diminished.  We  find  that  after  the  operation 
the  secretion  of  urine  is  greatly  diminished ;  indeed,  in  most  cases, 
trhe  flow  from  the  end  of  a  cannula  is  almost  arrested  In  fact  we 
may  almost  make  the  general  assertion  that,  when  in  the  dog  the 
blood-pressure  falls  to  about  30  mm.  Hg  or  less,  the  secretion  of 
urine  is  for  the  time  stopped.  These  and  other  results  support 
the  view  stated  above  that  the  secretion  of  urine  is  in  quite  a 
special  way  dependent  on  the  flow  of  blood  through  the  kidney ; 
&iid  we  may  further  conclude  that  the  secretion  which  is  so 
particularly  influenced  by  the  flow  of  blood  is  that  special  kind  of 
secretion,  allied  to  filtration,  which  takes  place  through  the 
glomeruli,  and  not  the  more  ordinary  kind  of  secretion  by  means 
of  the  epithelium  of  the  tubuli  uriniferi.  But  before  we  proceed 
to  discuss  how  the  increased  flow  of  blood  increases  the  glomerular 
flow  of  urine,  we  must  turn  to  consider  the  functions  of  the 
e^pithelium  of  the  tubuli. 

Secretion  by  the  Renal  Epithelium. 

§  416.  The  glomerular  mechanism  is  after  all  a  small  portion 
only  of  the  whole  kidney,  and  the  epithelium  over  a  large  part  of 
t»he  course  of  the  tubuli  urinifeH  bears  most  distinctly  the  characters 
of  an  active  secreting  epithelium.  These  facts  would  lead  us  d 
f^riori  to  suppose  that  the  flow  of  urine  is  in  part  the  result  of  an 
CMJtive  secretion  comparable  to  that  of  the  salivary  or  other  glands 
'^rhich  we  have  already  studied  And  we  have  experimental  and 
other  evidence  that  such  is  the  case. 

In  the  first  place  a  flow  of  urine  may  be  artificially  excited 
«ven  when  the  natural  flow  has  been  arrested  by  diminution  of 
l>lood-pressure.  Thus  if,  when  the  urine  has  ceased  to  flow  in 
oonsequence  of  a  section  of  the  medulla  oblongata,  certain  sub- 
stances, such  as  urea,  urates,  sodium  acetate,  and  the  like,  be 
injected  into  the  blood,  a  more  or  less  copious  secretion  is  at  once 
s^t  up.  This  secretion  is,  or  at  least  may  be,  unaccompanied  by 
^^y  rise  of  general  blood-pressure  sufficient  to  account  for  the 
^^creased  secretion  as  the  mere  result  of  an  increased  flow  of 
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blood.     It  is  true  (as  we  have  seen  §  414)  that  the  injectioiL  of 

these    substances    leads    to    an    expansion    of   the    kidney,        ^^n 
expansion  which  is  probably  due  to  a  local  dilation  of  the  sazm^^pkll 
renal  arteries;  but  the  flow  of  urine  which  is  observed  in  ttk^^^se 
cases  is  too  great  to  be  accounted  for  by  any  increase  of  flo^w^      of 
bUx)d  which  the  local  dilation  may  bring  about;  tmd  hence      -we 
conclude  that  the  increase  of  secretion  is  of  a  different  kind  iwrom 
that  which  follows  upon  mere  increase  of  blood-flow.     It  se^ms 
much  more  reasonable  to  suppose  that  the  presence  of  the  alx>ve 
substances  in  the  blood  excites  the  renal  epithelium  cells  to     a.n 
unwonted  activity,  causing  them  to  pour  into  the  interior  of    the 
tubules  a  copious  secretion,  just  as  the  presence  of  pilocarpict    in 
the  blood  will  cause  the  salivary  cells  to  pour  forth  their  secret;ion 
into   the  lumen  of  their  ducts;   and  that  this  activity  of    the 
epithelium    cells    is   accompanied,  also   as   in   the   case   of     the 
submaxillary   and   other  glands,   by   a   vascular   dilation,  whioli, 
though  adjuvant  and  beneflcial,  is  not  the  distinct  cause  of  the 
activity.      This    view    is    further    supported    by    the    following 
remfiurkable   experiment,   which    goes   far  to  shew   that   of    the 
various  substances  which  having  found  their  way  into  the  blood 
are  thrown  out  by  the  kidney,  some  pass  into  the  urine  through 
the  glomeruli  while  others  are  distinctly  secreted  by  the  tub«:»li 
uriniferi,  the   discharge  of  the   latter  being  accompanied  by     * 
general  activity  of  the  secreting  cells,  as  shewn  by  the  flow      -o^ 
water  taking  place  at  the  same  time. 

In  the  amphibia,  the  kidney  has  a  double  vascular  supply:        ^ 
receives  arterial  blood  from  the  renal  artery,  but  there  is  aL-^"^. 
poured  into  it  venous  blood  from  another  source.     The  femor^^^^^ 
vein  divides  at  the  top  of  the  thigh  into  two  branches,  one  ^        ^ 
which  runs  along  the  front  of  the  abdomen  to  meet  its  fello^    ^^^ 
in  the  middle  line  and  form  the  anterior  abdominal  vein,  while  th  -^^jft^e 
other  passes  to  the  outer  border  of  the  kidney  and  branches  in  th»  ^^^. 
substance  of  that  organ,  forming  the  so-called  renal  portal  system^^^^^^je 
Now  the  glomeruli,  in  some  species  at  least  of  these  animals,  wr^^^^al 
supplied  exclusively  by  the  branches  of  the  renal  artery,  the  rena-^^^e 
vena  port«  only  serving  to  form  the  capillary  plexus  around  th^  "^-fie 
tubuli  uriniferi,  which  is  also  supplied  by  the  efferent  vessels  of  ihei^  'V^ 
glomeruli     From  this  it  is  obvious  that  if  the  renal  artery  tc^^^ 
tied,  the  blood  is  shut  off  entirely  from  the  glomeruli ;  and  actual -^^^ 
observation  of  the  kidney  has,  in  the  animals  in  question,  shewir:^^^,,.^, 
that  under  these  circumstances  there  is  no  reflux  from  the  capillarj^T^^J 
network  surrounding  the  tubules  back  to  the  glomeruli ;  thus  th< 
kidney  by  this  simple  operation  is  transformed  into  an  ordii 
secreting  gland  devoid  of  any  special  filtering  mechanism.     Sucl  -^    ^\ 
a  kidney  may  be  used  to  ascertain  what  substances  are  excreteC^^^  £ 
by  the  glomeruli,  and  what  by  the  tubules  in  some  other  part  o  -""'"^ 
their  course.     It  is  found  that  urea  injected  into  the  blood  give^- 
rise  to  a  secretion  of  urine  when  the  renal  arteries  are  tied ;  thi;. 
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Ance  therefore  is  secreted  by  the  epithelium  of  the  tubules, 
in  being  so  secreted  gives  rise  at  the  same  time  to  a  flow  of 
r  through  the  cells  into  the  interior  of  the  tubules.  Sugar 
peptones,  on  the  other  hand,  which  injected  into  the  blood 
ly  pass  through  the  untouched  kidney  and  appear  in  the 
,  do  not  pass  through  a  kidney  the  renal  arteries  of  which 
been  tied,  even  when  a  diuretic  such  as  urea  is  riven  at 
sinie  time  in  order  to  secure  a  flow  of  urine.  These  substances 
fore  are  excreted  by  the  glomeruli 

he  validity  of  this  experiment,  which  may  be  accepted  as 
iiting  a  marked  difference  between  glomerulsur  secretion  on 
me  hand  and  epithelial  or  tubular  secretion  on  the  other, 
ids  on  the  absence  of  any  collateral  circulation  whereby  the 
Bruli  may  be  supplied  with  blood  after  ligature  of  the  renal 
f.  In  these  animals  anatomoses  occur  between  the  renal 
es  and  the  arteries  of  the  generative  organs ;  and  unless  the 
artery  be  so  tied  as  to  avoid  these  collateral  communications 
ssults  of  the  experiment  are  different. 

dditional  evidence  in  favour  of  the  secretory  activity  of  the 
elium  cells  is  afforded  by  the  following  observation.     Into  the 

of  animals  in  which  the  urinary  flow  had  been  arrested  by 
)n  of  the  spinal  cord  below  the  medulla  a  quantity  of  the  blue 
ring  material  known  as  sodium  sulphindigotate^  is  injected, 
substance  is  rapidly  excreted  on  the  one  hand  by  the  hver  in 
)ile,  and  on  the  otner  hand  by  the  kidney.  By  varying  the 
tity  injected,  killing  the  animals  at  appropriate  times  after 
njection  of  the  material,  and  examining  the  kidneys  micro- 
cally  and  otherwise,  it  may  be  ascertained  that  the  pigment 
jected  passes  from  the  blood  into  the  renal  epithelium,  and 

thence  into  the  channels  of  the  tubules.  There  being  no 
m  of  fluid  through  the  tubules,  owing  to  the  arrest  of  urinary 
by  means  of  the  preliminary  operation,  the  pigment  travels 
little  way  down  the  interior  of  the  tubules,  and  remains  very 
i  where  it  was  cast  out  by  the  epithelium  cells.  There  are  no 
8  whatever  of  the  pigment  having  passed  by  the  glomeruli ; 
the  cells  which  appear  most  distinctly  to  take  up  and  eject 
e  those  lining  such  portions  of  the  tubules  (viz.  the  first  and 
id  convoluted  tubules,  zigzag  tubules  and  ascending  limbs  of 
oops  of  Henle)  as  from  their  microscopic  features  have  been 
osed  to  be  the  actively  secreting  portions  of  the  entire  tubules, 
following  observation  which  has  been  made  is  of  a  peculiarly 
esting  character.  After  injecting  a  certain  quantity  of  pig- 
i,  and  allowing  such  a  time  to  elapse  as  might  be  judged  from 
ous  experiments  would  suffice  for  the  passage  of  the  material 
igh   the   epithelium   to  be  pretty  well   completed,  a  second 

tometimes  called  indigo-carmine,  though  this  name  is  more  properly  applied 
nde  impure  preparation  of  potassium  sulphindigotate. 
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quantity  was  injected.  It  was  found  that  the  excretion  of  this 
second  quantity  was  most  incomplete  and  imperfect  It  seemed 
as  if  the  cells  were  exhausted  by  their  previous  efforts,  just  as 
a  muscle  which  has  been  severely  tetaniz^  will  not  respond  to  a 
renewed  stimulation. 

The  above  observation  may  be  objected  to  on  the  ground  that 
this  colouring  matter  does  not  occur  as  a  constituent  of  the  blood 
either  in  health  or  disease,  and  especially  that  the  absence  of  any 
concomitant  discharge  of  fluid  from  the  cells  excites  suspicion  that 
the  process  observed  was  not  really  one  of  secretion;   for  the 
injection  of  such  substances  as  urea  or  urates  into  the  blood  does 
cause  a  copious  flow  of  fluid,  and  indeed  thus  prevents  the  micro- 
scopic tracking  out  of  their  passage,  which  in  the  case  of  lurates  ^ 
might  otherwise  be  done  much  in  the  same  way  as  with  the               ^ 
sodium  sulphindigotate.     Moreover  other  observers   have   main-              ^ 
tained  that  the  sodium  sulphindigotate  does  like  ordinary  carmine             ^ 
pass  through  the  glomeruU.     But  their  results  may  probably  be            ^ 
explained  by  the  glomeruli  having  been  damaged  by  a  too  rapid           JQ 
or  too  abundant  mjection;    and  in  the  case   of  the  amphibian           ^cn 
kidney,  when  sodium  sulphindigotate  is  injected  after  ligature  of        ^«f 
renal  arteries,  no  urine  is  found  in  the  bladder,  but  the  pigment         wJ^t 
can  be  traced  through  the  epithelium  of  the  secreting  portions  of      "i^f 
the  tubules.     Without  insisting  too  much  on  the  value  of  the       ^^e 
sodium  sulphindigotate  experiments,  they  may  be  taken  as  fieurly       -^s^ 
supporting  the  view  which  we  are  considering.     We  may  add  that     ^i^^t 
in  birds,  the  urine  of  which  contains  little  water,  urates  may  be     ^^^^ 
detected  in  the  epithelium  of  the  tubules  but  not  in  the  capsules.           .. 

Though  much  remains  to  be  cleared  up,  we  may,  for  the  ^^^e 
present,  conclude  that  the  secretion  of  urine  does  consist  of  two  ^z:^  ^o 
separate  and  distinct  acts:  secretion  by  the  glomeruli,  which  we^^-^e 
may  for  brevity's  sake  speak  of  as  glomerular  secretion,  andJE^^d 
secretion  by  the  epithelium  of  the  tubuli,  which  we  may  speak  oft:<=:wf 
similarly  as  tubular  secretion.  Both  these  forms  of  secretion, 
especially  the  former  but  to  a  certain  extent  the  latter  also,  diff< 
from  the  secretion  of  such  a  gland  as  the  salivaiy,  and  botlcf  ^h 
deserve  some  special  consideration. 

§  417.     The  nature  of  glomerular  eecretion.     We  have  seeEix:  -^n 
that  the  expansion  of  the  kidney  which  has  for  its  accompanimenr  .^L^it 
an  increased  flow  of  urine  is  one  brought  about  by  the  renal  arter]^^^*)' 
and  its  various  branches  becoming  dilated,  under  such  circumstancessi^^^^ 
that  the  difference  between  the  blood-pressure  in  the  aorta  at  th»  .M^e 
mouth  of  the  renal  artery  and  the  blood-pressure  at  the  vena  cave  *^^a 
at  the  mouth  of  the  renal  vein  is  at  the  same  time  increased,  or  a-^^"^^ 
all  events  is  not  diminished.     We  say  the  renal  artery  and  itr*"  ^ 
various  branches  since  our  present  knowledge  will  not  enable  u^^    ^^ 
to  make  a  more  exact  statement.     It  is  of  course  possible  tho^     ^^ 
nervous   impulses   passing  along  particular  nerve  fibres  shouL^^^ 
confine  their  efforts  to  relaxing  the  coats  of  the  vasa  afferentia  ^/^^f 
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*ilne  glomeruli  and  not  pass  to  the  other  branches  of  the  renal 
Eatery,  in  which  case  the  circulation  of  the  glomeruli  would  be 
^jcclusively  (or  nearly  so)  aflfected;  but  of  this  at  present  we 
know  nothing,  and  the  general  argument  remains  good  if  we  speak 
simply  of  the  branches  of  the  renal  artery  as  a  whole. 

In  dealing  with  the  vascular  system  we  saw  that  relaxation  of 
St  small  arteiy,  taking  place  without  any  marked  change  in  the 
general  blood-pressure  and  in  neic^hbouring  arteries,  leads  to  a 
fuller  and  more  rapid  stream  of  blood  through  the  capillaries 
supplied  by  the  artery,  and  that  at  the  same  time  the  pressure  in 
"the  capillaries  themselves  is  increased ;  owing  to  the  decrease  of 
peripheral  resistance  through  the  widening  of  the  artery,  the 
great  fall  of  pressure  (see  §  116)  so  characteristic  of  the  peripheral 
region  is  shifted  from  the  arterial  side  of  the  capillsuries  towards 
"the  venous  side  and  to  the  capillaries  themselves. 

Hence,  as  we  have  already  said,  when  the  renal  artery  dilates 
t;wo  things  happen  in  the  loops  of  the  glomeruli:  a  fuller,  more 
i-apid  stream  of  blood  passes  through  them,  and  that  blood  as  it 
flows  through  them  is  exerting  a  greater  pressure  than  before  on 
their  walls.  How  does  each  of  the  events  stand  towards  the 
secretion  of  urine  ? 

We  have  not  at  present  the  means  of  inducing  a  fuller  and 

xnore  rapid  flow  without  increasing  the  pressure ;   but  we  may 

easily  obtain  increase  of  pressure  without  the  fuller  and  more  rapid 

flow.     If  we  hinder  or  obstruct  the  outflow  through  the  renal  vein 

"vre  at  once  increase  the  pressure  in  the  glomerular  loops  as  in  the 

other  capillaries  of  the  kidney.     Now,  when  the  blood-pressure  in 

t;he  glomeruli  is  thus  raised  by  partial  obstruction  to  the  venous 

outflow,   the    flow    of    urine    so    far    from    being    increased    is 

diminished.     Obviously  then  the  passage  of  water  and  material 

through  the  walls  of  the  glomerular  loops,  to  go  to  form  the  urine, 

is  not  the  result  of  mere  pressure,  and  cannot  therefore  be  spoken 

of  properly  as  a  process  of  filtration.     (Cf.  §  802.)     And  we  may 

liere   draw   a   comparison    between   the    passage    of    water  and 

material  through  the  wall  of  a  capillary  in  an  ordinary  situation 

"to  form  Ijrmph  and  the  passage  through  the  wall  of  the  glomerular 

loop  to  form  urine  or  part  of  urine.     The  former  as  we  have  seen 

^§  302)  appears   to  be  directly  dependent  on    pressure,  though 

influenced  as  we  have  also  seen  in  a  very  material  way  by  the 

<x>ndition  of  the  vascular  wall ;  and  hindrance  to  venous  outflow, 

80  inefficient  in  promoting  a  flow  of  urine,  is  as  we  have  s(»en 

<«specially   favourable   to   the   transudation    of    lymph.      In    the 

"former  case  the  substances  which  pass  through  the  capillary  wall 

may  be   described   as  the   constituents   of  the   blood   generally, 

proteids  as  well  as  salts  and  other  soluble  and  diff'usible  matters. 

Through  the  wall  of  the  glomerular  loop  there  pass,  so  long  as 

that  wall  is  sound  and  intact,  neither  albumin  nor  globulin  nor 

fibrin  £etctor,  but  only  water  accompanied  by  some,  and  apparently 
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a  selection  of  some,  of  the  soluble  difiusible  constituents  of  the 
blood;  for,  as  we  have  said,  the  presence  of  proteids  in  normal 
urine  is  contested,  and,  at  most,  there  is  present  a  very  small 
quantity  only  (which  moreover  may  come  from  the  tubular  epi- 
thelium). This  difference  in  the  material  which  passes  through 
may  be  referred  to  the  differences  in  the  nature  of  the  partition. 
The  transudation  of  lymph  takes  place  through  the  capillary 
wall ;  between  the  blood  on  one  side  and  the  lymph  in  the  lymph- 
space  on  the  other  is  only  the  thin  film  of  conjoined  epithelioid 
plates.  But  the  corresponding  wall  of  the  glomerular  loop  is 
covered  over  and  wrapped  round  so  to  speak  by  an  adherent  layer 
of  cells,  which  though  reduced  and  thin  are  still  epithelial  cells; 
the  materials  which  go  to  form  urine  have  to  pass  through  these 
cells  as  well  as  through  the  film  of  epithelioid  plates.  It  seems  to 
be  this  layer  of  cells  which  determines  what  shall  pass  and  what  _ 

shall  not. 

Obviously  the  passage  through  this  epithelium  is  of  a  peculiar         "x^^ 
nature.     The  necessary  condition  for  the  due  accomplishment  of        "i^«f 
the   passage   is   as   we   have    seen   a   full   and   rapid   stream   of       ^«f 
(arterial)  blood;   the  high  pressure  which  accompanies  that  full        XJI] 
and  rapid  stream,  though  probably  under  normal  circumstances       ^^-ss 
an  adjuvant,  is  by  itself  helpless.     Thus  when  the  pressure  is      ^Ss 
raised  by  venous  obstruction,  m  which  case  the  high  pressure  is 
accompanied  by  a  slow  stream  or  by  actual  arrest   of  the  flow, 
even    the    passage    of   mere   water    is   retarded.      Seeing    that 
many   of   the    constituents   of    urine    are    diffusible    substances 
certainly  preexisting  in  the  blood,  inorganic  salines  for  instance,^  ^^re, 
and   seeing   that,   if    we    may   trust    the    experiments    on    the^^^Mne 
amphibian    kidney  spoken   of   above,  diffusible    abnormal   con 
stituents  of  blood,  such  as  peptone  and  sugar,  pass  into  the  urin 
not  by  the  tubular  epithelium  but  by  the  glomeruli,  we  mights  .cAt 
expect  that  diffusion,  in  contrast  to  filtration  (see  §  312)  played  BSCXm^s^a 
important  part  in  the  passage ;  and  a  full  rapid  stream  woulc^f  jid 
undoubtedly  favour  diffusion.     But  diffusion  by  itself  will  not"^=>jot 
explain  matters.     Egg-albumin   differs  very  slightly  as   regardftf:'^ 
diffusibility  from  serum-albumin,  and  yet  while  at  the  most  m  a 

minute  quantity  only  of  the  latter  passes  into  the  urine  in  uormsiM^  mbI 
circumstances,  the  former  when  injected  into  the  blood  at  one* 
makes  its  way  into  the  urine,  presumably  by  the  glomeruli 
the  other  hand  urea  is  an  eminently  diffusible  body,  and  yet  if  w*  -^w^e 
can  trust  the  experiments  on  the  amphibian  kidney,  the  mair-^^in 
mass  at   all   events  of    the   urea  of   the  urine  passes    by  t 
epithelium  of  the  tubules. 

The  important  part  played  by  the  epithelium  is  shewn  whe 
the  epithelium  is  deranged.     If  the  renal  artery  be  temporari 
ligatured  or  otherwise  obstructed,  so  that  the  glomeruli  are  shis 
off  from  their  blood-supply  for  some  little  time,  the  secretion 
urine    is    stopped;    on  reestablishment  of   the  circulation    t 
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^^cretion  of  urine  slowly  returns,  and  the  urine  is  then  found  to 
V^  albuminous,  remaining  so  for  some  little  time.  The  serum- 
^Ibumin  and  globulin  which  could  not  pass  through  the  intact 
e?pithelium,  can  pass  through  when  the  epithelium  is  damaged  by 
interference  with  its  nutrition.  The  appearance  of  albumin  in  the 
xirine  (albuminuria)  is  a  not  infrequent  symptom  of  kidney  disease, 
and  its  presence  in  other  than  minute  miantities  indicates  imper- 
fections in  the  glomerular  epithelium.  JBut  even  under  unhealthy 
eouditions  that  epithelium  still  governs  to  a  certain  extent  the 
passage  of  material ;  for  the  proteids  of  the  blood-plasma  do  not 
pass  through  bodily  or  in  a  proportion  which  corresponds  either  to 
the  relative  proportion  in  which  they  exist  in  the  plasma  or  to  the 
relative  ease  (or  difficulty)  with  which  they  pass  through  mem- 
l>ranes.  Though  the  "  albumin "  of  albuminous  urine  frequently 
consists  of  both  serum-albumin  and  globulin,  these  do  not  neces- 
sarily occur  in  the  same  proportion  as  in  blood;  they  vary  in 
urine  much  more  than  they  do  in  blood ;  and  indeed  the  one  or 
the  other  may  be  absent ;  moreover  fibrin  factors  are  very  rarely 
found. 

Haemoglobinuria,  or  the  presence  of  haemoglobin  in  urine, 
may  be  brought  about  by  injecting  into  the  blood  vessels  laky 
Hood,  or  some  substance  such  as  pyrogallic  acid,  which  will  "  break 
up"  the  corpuscles  of  the  blood.  Now  in  such  cases  there  is 
evidence  that  the  haemoglobin  passes  through  the  glomeruli; 
minute  disc-like  masses  of  haemoglobin,  the  so-called  *  menisci,' 
are,  by  appropriate  methods  of  preparation,  found  in  situ  in  the 
capsules.  Such  a  passage  is  very  far  removed  from  being  a 
process  of  difiFusion. 

We  may  conclude  then  that  the  passage  of  material  through 
the  glomeruli,  like  the  transudation  of  lymph  and  even  to  a  more 
marked  extent,  is  a  complex  affair  in  which  the  ordinary  physical 
processes  of  diffusion  and  filtration  may  play  their  part,  but  are 
not  masters  of  the  situation. 

§  418.  The  work  of  the  epithelium  of  the  tulndes.  As  we  have 
said  the  structural  features  of  the  epithelium  cells  of  the  tubules 
seem  to  justify  the  conclusion  that  they  exercise  a  secretory 
activity  comparable  with  that  of  a  salivary  or  a  gastric  gland. 
But  their  work  is  in  many  ways  peculiar.  In  the  case  of  the 
salivary,  gastric,  and  pancreatic  glands  there  can  be  no  doubt  that 
the  specific  constituents  of  the  several  secretions,  mucin,  pepsin, 
trypsm  and  the  like,  are  manufactured  in  the  alveolar  cells  out  of 
antecedents  of  some  nature  or  other.  The  evidence,  as  we  have 
seen,  is  all  against  the  view  that  these  glands  merely  withdraw, 
secrete  in  tne  old  sense  of  the  word,  from  the  blood  these 
substances  preexisting  in  the  blood.  When  the  salivarj^  glands  are 
extirpated  or  the  pancreas  or  the  stomach  removed  there  is  no 
accumulation  in  the  blood  of  the  specific  constituents  of  the  corre- 
sponding secretions.     So  also  when  the  liver  is  extirpated  there  is 
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no  accumulation  in  the  blood  of  either  bile  acids  or  bile  pigment. 
With  regard  to  the  kidney  and  the  most  important  constituent  of 
urine,  namely  urea,  the  case  is  different  If  the  kidneys  in  a 
mammal  be  extirpated,  or  if  the  kidneys  by  disease  or  by  ligature 
of  the  ureters  be  so  damaged  as  to  be  unable  to  carry  on  their 
work,  an  accumulation  takes  place  in  blood,  not  as  was  once  thought 
of  some  antecedent  of  urea  such  as  kreatin,  but  of  urea  itself 
In  the  case  of  birds  and  reptiles  which  excrete  not  urea  but  chiefly 
uric  acid  the  accumulation  is  one  of  uric  acid.  Obviously  in 
secreting  urea  the  work  of  the  epithelium  of  the  tubules  is  largely 
if  not  exclusively  confined  to  simply  picking  the  urea  out  of  the 
blood  and  pushing  it  so  to  speak  into  the  lumina  of  the  tubules. 
We  might  perhaps  say  exclusively,  for  there  is  no  evidence  that 
any  urea  at  all  is  actually  manufactured  in  the  kidney. 

But  even  this  mere  picking  up  the  urea  is  after  all  not  a 
simple  process;  the  epithelial  cell  of  the  tubule  is  not  a  mere 
passive  sieve  of  peculiar  structure  especially  adapted  to  strain  off 
the  urea  from  the  blood.  As  we  have  already  seen,  when  urea  or  -w^r 
uric  acid  is  injected  into  the  blood  the  result  is  not  a  mere  ^^^-e 
increase  in  the  proportions  of  urea  (or  uric  acid)  present  in  the  ^£»  ^ 
urine  which  is  being  secreted.  The  injection  leads  to  an  increased  -fc^ 
flow  of  urine,  the  whole  activity  of  the  cell  is  stirred  up,  and  other  -»:  .«|. 
constituents,  not  at  the  moment  like  the  urea  existing  in  excess  in  ^lbl  ju 
the  blood,  are  discharged  into  the  lumina  of  the  tubules  together-^-  --er 
with  the  urea. 

How  the  urea,  which  is  in  this  peculiar  manner  taken  out  oft-^z^of 
the  blood,  comes  to  make  its  appearance  in  the  blood  is  a  probl 
in  which  the  kidney  is  not  concerned  and  with  which  we  shalE 
deal  in  treating  of  the  metabolic  events  of  the  body  generally. 

§  419.  In  the  case  of  some  other  constituents  of  the  urme  wt:^  -5^<re 
have  evidence  that  the  cells  do  something  more  than  simply  picbf  ^ixk 
the  constituent  out  of  the  blood.  Hippuric  acid,  as  we  have  seeiMzv  ^n, 
occurs  in  small  quantity  in  the  urine  of  man,  and  in  larger  amounr^^.^nt 
in  the  urine  of  herbivora.  Now  hippuric  acid  may  be  formed  bj^^cdby 
the  combination,  with  dehydration,  of  benzoic  acid  and  glvcirm-^i^ 
(C,HO,  +  C,H,NO,-H,0  =  C,H,NO,);  and  benzoic  acid  intro-*^::^-^- 
duced  mto  the  alimentary  canal  or  injected  into  the  bloodt-^^» 
reappears  in  large  measure  in  the  urine  as  hippuric  acid.  Some-  ^^^^=*^  ^' 
where  in  the  body  the  benzoic  acid  meets  with  and  combinet^^==^^ 
with  glycin.  And  we  have  experimental  proof  that  the  com-  m:-^^' 
bination  may  and  probably  does  take  place  in  the  kidney. 

If  a  circulation  of  blood  be  kept  up  through  the  blood  vessel  J^^]^ 
of  the  kidney  freshly  removed  from  a  living  animal,  and  benzoi^-i'^'^ 
acid  and  cflycin  be  added  to  the  blood  as  it  is  about  to  ente 


into  the  kidney,  hippuric  acid  will  be  found  in  the  blood  issuing 
from  the  kidney,  especially  if  the  same  blood  be  passed  through 
the  kidney  several  times ;  the  blood  used  must  be  blood  containing^^  ^ 
oxyhsemoglobin,   carbonic -oxide -haemoglobin   not  producing   tiu^  ^ 
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?jppBct     The  mere  mixing  with  the  blood  itself  is  insufficient ;  and 
jr   '^^^  blood  be  sent  not  through  a  kidney  just  removed  from  the 
living  body  but  through  one  taken  from  a  dead  body  or  one  which 
I^OiS  been  left  to  itself  for  some  time  after  removal  from  a  living 
^K>dy,  the  synthesis  will  not  be  eflfected.     To  carry  out  the  combi- 
•^^tion  by  means  of  the  kidney  which  has  been  removed  from  the 
lK>dy  the  kidney  must  retain  for  a  while  its  own  life,  it  must  be  a 
**  surviving  "  kidney.     Nor  is  it  absolutely  necessary  to  bring  the 
l>enzoic  acid  and  glycin  to  the  kidney  by  means  of  a  blood-stream. 
If  a  "  surviving "  kidney  be  divided  rapidly  into  small  pieces  and 
the  benzoic  acid  rapidly  mixed  with  the  pieces,  hippuric  acid  is 
formed.     Nor  is  it  necessary  to  furnish  the  glycin.     If  benzoic 
aoid  alone  be  used,  hippuric  acid  is  formed  all  the  same.    Glycin, 
as  we  have  previously  said,  cannot  be  recognized  as  a  normal  con- 
stituent of  any  of  tne  tissues;   nevertheless,  as  we  have  seen  in 
speaking  of  glycocholic  acid  in  the  bile  and  as  we  shall  see  later  on, 
gljein  must  make  a  momentary  appearance  in  various  metabolic 
processes  of  the  body,  being  immediately  on  its  appearance  con- 
verted into  something  else,  so  that  it  never  remains  as  glycin. 
It  apparently  is  formed  in  the  kidney,  and  is  thus  momentarily 
a.vailable  for  the  conversion  of  benzoic  into  hippuric  acid. 

It  seems  probable  therefore  that,  with  regard  to  this  particular 
constituent  of  urine,  hippuric  acid,  the  cells  of  the  tubules  have 
the  power  of  effecting  a  combination  between  the  benzoic  acid 
l>rx)ught  to  them  by  the  blood  and  the  glycin  which  they 
fixmish  by  means  of  their  own  metabolism,  and  in  this  way 
produce  hippuric  acid 

Not  only  benzoic  acid  but  many  other  bodies  taken  into  the 
system  reappear  in  the  urine  combined  with  glycin,  and  in  their 
<^3«es  also  the  combination  probably  takes  place  through  the 
^<5tivity  of  the  cells  of  the  tubules  of  the  kidney.  Moreover,  other 
^Hanges  than  the  assumption  of  glycin,  the  various  changes 
'^'hicn  many  chemical  substances  taken  into  the  system  undergo 
^^^fore  reappearing  in  the  urine,  probably  also  take  place  to  a 
*^rge  extent  in  the  kidney,  and  are  also  carried  out  by  means  of 
^He  epithelium  of  the  tubules. 

What  other  constituents  of  normal  urine  are  produced  in  this 
^*"  a  similar  manner  we  do  not  as  yet  definitely  know.  The 
P^igment  urobilin,  which  as  we  have  seen  is  supposed  to  be  a  deri- 
^      tive  from  bilirubin,  may  be  brought  ready  formed  from  the  liver 

may  have  the  finishing  touches  given  to  it  in  the  kidney  itself ; 

^^d  the  other  normal  or  abnormal  urinary  pigments  possibly  arise 

either  directly  from  haemoglobin  or   indirectly  from    that   body 

^Krough  the  biliary  pigment  by  a  transformation  taking  place  in 

^lie  cells  of  the  tubules.     There  is  also  evidence  in  frogs  that  acid 

Sodium  phosphate  is  furnished  by  the  cells  of  the  tubules. 

la  conclusion  then  we  may  Siiy  that  the  activity  of  the  epi- 
tlielium  of  the  kidney  appears  especially  modified,  as  compirt^d 
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with  other  secreting  glands,  to  meet  the  special  object  which  the 
kidney  has  to  secure.  The  purpose  of  the  kidney  is  not  to  provide 
a  fluid,  urine,  which  can  be  made  use  of  for  the  needs  of  the  body, 
but  to  cast  out  waste  matters  fix)m  the  body.  Hence  its  secretory 
activity  is  limited  largely  to  the  mere  discharge  of  matters  which 
reach  it  preexistent  in  the  blood,  though  in  several  cases  it  gives 
the  final  shape  to  the  excreted  substance  before  it  passes  into  the 
ureter. 

§  420.  We  may  illustrate  the  preceding  discussions  by  briefly 
passing  in  review  some  of  the  more  usual  ways  in  which  the 
secretion  of  urine  is  in  ordinary  life  modified. 

In  the  preceding  section  the  composition  of  urine  was  illustrated 
by  the  daily  output  of  the  several  constituents  rather  than  by  a  .^^  ^ 
percentage  account  of  any  specimen  of  urine,  for  the  reason  that  c^^^Bt 
the  composition  of  urine  varies  within  extremely  wide  limita 
This  is  especially  the  case  as  regards  the  proportion  of  water 

solids.     One  urine  may  be  of  high  specific  cfravity  with  a  smal        

amount  of  water  relatively  to  the  sohds,  while  another  may  hav^^  -^e 
so  little  colour  and  such  a  low  specific  gravity  as  to  appear  hanU]^^  My 
more  than  water.  The  reason  of  these  extreme  differences  lies  i~  ^ 
the  fact  that  the  kidney  is  not  only  the  channel  by  which 
solids  leave  the  body  but  also  an  important  outlet  for  th^ 
discharge  of  the  stream  of  water  which,  in  order  that  the  varioiUEians 
processes  of  the  body  may  be  duly  carried  on,  is  continual! 
passing  through  the  system.  It  is  frequently  of  advantage  to  th 
body  to  discharge  through  the  kidney  a  large  amount  of  wate 
more  or  less  irrespective  of  the  solid  matters  which  are  so 
speak  washed  away  with  it;  and  hence  the  advantage  of 
glomerular  mechanism  so  specially  adapted  for  the  special 
charge  of  water. 

As  we  shall  see  presently,  to  the  skin  also  falls  the  duty  of 

discharging  large  quantities  of  water.    The  respiratory  organs  al^r^  so, 
as  we  have  seen,  serve  for  the  discharge  of  water ;  but  the  amou^^Dt 
which  the  latter  put  out  can  only  be  varied  by  the  inconvenii       >nt 
method  of  increasing  or  diminishing  the  whole  act  of  breathi^^Dg. 
Hence  we  find  special  relations  between  the  skin  and  the  kidn 
correlating  the  work  of  the  one  to  that  of  the  other  as  re^ 
this  particular  work  of  the  discharge  of  water. 

When  the  body  is  exposed  to  cold  the  discharge  of  water  fir-^^m 
the  skin  in  the  form  of  sweat  is  checked,  and  the  cutaneous  ves^^^ls 
are   constricted.      At   the   same   time   the  blood  vessels  of    *ie 
abdominal  viscera,  including  the  kidneys,  are  dilated,  but  not   c^ut 
of  proportion  to  the  constriction  of  the  cutaneous  vessels,  for    *i«* 
general  blood-pressure  does  not  fall  but  if  anything  rises  somewIiA^ 
Thus  there  is  established  just  the  state  of  things  which  is  favonral/e 
to  a  full  and  rapid  stream  of  blood  through  the  renal  glomeruli; 
and  an  increased  flow  of  urine  results.     It  is  possible,  we  nujj 
perhaps  say  probable,  that  the  nervous  system  affords  a  special  tic 
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r^ti^een  the  skin  and  the  kidney  so  that,  under  the  circumstances 

^  question,  the  renal  arteries  are  dilated  even  more  than  those 

^   the  other  abdominal  viscera;  but  this  has  not  been  proved 

^"perimentally.     It    is    also    possible    that    by    another    reflex 

^^chanism  of  the   central  nervous  system  the  skin  may  work 

^l>on  the  kidney  not  by  the  vaso-motor  nerves  alone  but  also  by 

^^rves  governing  the  secretory  activity  of  the  tubules;  but  we 

^^ve  no  satisfactory  indications  of  any  such  mechanisms,  and  it 

^^ems  more  probable  that  the  connection   should  be  with   the 

S'lomerular  mechanism,  since  the  chief  object  at  all  events  is  to 

Set  rid  of  water. 

Conversely,  when  the  body  is  exposed  to  warmth  the  skin 
perspires  freely  and  the  cutaneous  vessels  are  widely  dilated ;  and 
Conversely  also  the  renal  and  other  abdominal  vessels  are  con- 
stricted, so  that  a  slow  and  small  stream  of  blood  trickles  through 
the  glomeruli,  and  the  urine  which  is  secreted  is  scanty. 

§^421.  Even  more  important  than  its  relations  to  the  skin  are 
the  relations  of  the  kidney  to  the  water  absorbed  by  the  alimentary 
canal;  this  is  especially  seen  when  large  quantities  of  fluid  are 
drunk.  The  whole  of  the  water  thus  introduced  into  the 
Alimentary  canal  passes  into  the  blood,  for  in  a  healthy  organism 
Xio  amount  of  fluid  drunk,  unless  it  throws  the  economy  out  of 
order,  can  affect  the  amount  of  water  present  in  the  faeces.  But 
t;he  addition  to  the  blood  of  even  a  very  large  quantity  of  fluid 
does  not,  as  we  have  seen,  by  its  mere  quantity  (§  186j,  increase 
the  general  blood-pressure,  and  therefore  cannot  in  this  way 
produce  what  it  undoubtedly  does  produce,  an  increased  flow  of 
urine. 

The  fluid  so  absorbed  may  act  on  the  kidney  in  two  ways. 
On  the  one  hand  as  we  have  seen  (§  414),  the  injection  of  water 
into  the  blood  produces  a  local  dilation  of  the  renal  vessels,  as 
indicated  by  the  swelling  of  the  kidney.  Thus  the  absorption  of 
mere  water  ftx)m  the  alimentary  canal  may  stir  up  to  greater 
activity  the  glomerular  mechanism,  and  in  so  doing  may  be 
assisted  by  the  presence  of  various  substances  absorbed  from  the 
alimentary  canal  with  the  water,  for  some  of  these  also  may 
Qbimilarly  lead  to  dilation  of  the  renal  vessels. 

On  the  other  hand,  some  or  other  of  the  chemical  bodies  thus 
passing  into  the  blood  with  the  water  drunk  may  excite  the 
secretory  activity  of  the  tubules,  and  that  either  by  acting 
fjirectly  on  the  epithelium  as  they  are  carried  through  the  kidney 
in  the  blood  of  the  renal  arteries,  or  indirectly  tnrough  some 
intervention  of  the  central  nervous  system. 

Our  knowledge  is  at  present  too  scanty  to  enable  us  to  decide 

^hich  of  these  two  methods  is  the  one  usually  employed  by  the 

organism ;  but  the  inordinate  flow  of  urine,  so  poor  in  solids  as  to 

be  little  more  than  water,  which  may  be   directed  through  the 

kidney  by  means  of  an  adequate  *'  drinking  bout,"  would  lead  us  to 


676  DIURETICS.  [Book  il         _ 

conclude  that  in  such  cases  the  organism,  striving,  though  too  often  m. 

in  vain,  to  free  itself  from  the  evils  to  which  it  is  being  subjected,  ^  ^ 
has  recourse  rather  to  the  simpler  glomerular  mechanism  than  to 
the  more  expensive  tissue-wasting  activity  of  the  tubules;  and 
the  urine  in  such  cases  is  probably  discharged  chiefly  by  the 
method  of  dilating  the  renal  vessels  and  thiis  throwing  the 
poisoned  blood  into  the  glomeruli 

When  however  fluid  is  taken  simply  as  a  proper  accompaniment 
of  solid  food,  the  increase  of  urine  which  results  has  probably  ^^^.v 
another  origin.  As  we  have  already  said,  and  as  we  shall  point  out  ^^  mi 
more  fully  later  on,  the  absorption  of  proteid  material,  which  is 
a  constituent  and  generally  a  conspicuous  constituent  of  everj*  ^, 
meal,  leads  to  a  formation  of  urea;  and  urea,  as  we  have  seen 
reason  to  believe,  directly  stimulates  the  epithelium  of  the  tubul 
to  secretory  activity.  And  what  seems  prominently  true  of 
is  probably  true  of  many  other  products  of  digestion ;  so  that  th 
increased  flow  of  urine  wnich  follows  an  ordinary  meal  accom 
with  not  more  than  the  ordinary  amount  of  fluid,  is  the  result  o 
the  labours  of  the  epithelium  of  the  tubules  as  well  as  of  tha 
fuller  stream  of  blood  through  the  glomeruli 

§  422.     What  has  just  oeen  said  concerning  the  influence  or 
the  kidney  of  food  and  water  may  be  applied  also  to  the  action 
substances  which  being  especially  elBScacious  in  promoting  a  flo*^ 
of  urine  when  taken  into  the  body  are  called  "  diuretics."    T 
several  actions  of  various  diuretics  are  very  varied,  and  it  would 
out  of  place  to  discuss  them  fully.     We  may  however  say  th 
while  the  action  of  some  appears  simple  that  of  others  is  comple 

Such  agents  as  sodium  acetate  and  potassium  nitrate  probal^^/j 
produce  their  effect  chiefly  by  acting  directly  on  the  kidn<-  ^' 
mducing,  as  we  have  seen,  §  414,  local  vascular  dilation  and  so 
working  on  the  glomeruli,  but  probably  at  the  same  time  aZl.j« 
stirring  up,  after  the  fashion  of  urea,  the  epithelium  of  t^Tie 
tubules  to  secretory  activity,  the  accompanying  friUer  stream  of 
blood  through  the  whole  kidney  being,  as  in  the  case  of  fclie 
salivary  and  other  glands,  a  useful  adjuvant. 

The  diuretic  effect  of  such  an  agent  as  digitalis  is  probal:>ly 
more  complex.     By  increasing  the  caraiac  stroke,  and  at  the  saxm^ 
time  constricting  many  small  vessels,  digitalis  raises  the  general 
blood-pressure ;  out  the  tendency  of  the  increased  blood-pressxirt? 
to   increase   the   flow  of  urine   may  be   counterbalanced  by  -tb*^ 
constriction  of  the  renal  vessels  themselves.     And  while  it  i^  * 
matter  of  common  experience  that  digitalis  is  very  effective  as  * 
diuretic  in  cardiac  disease,  there  is  great  doubt  whether  it  recJij"^ 
acts  as  a  diuretic  in  health ;  in  cardiac  disease  it  probably  rai^^-^ 
the  blood-pressure  by  improving  the  cardiac  stroke  and   not  bv 
constriction  of  the  blood  vessels.     But  even  in  the   absence  ot 
ciirdiac  disease,  digitalis  ha^  been  found  in  certain  cases  to  act  a^ 
a  powerful  diuretic,  and  in  these  cases  either  it  must  act  directly 
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^^  the  tubular  epithelium  or  its  effects  in  constricting  the  renal 
^*<*teries  must  be  less  than  its  effects  on  other  small  arteries  or 
^U8t  pass  off  before  the  influence  of  the  heightened  blood-pressure 
'^as  disappeared. 

§  423.     Quite  removed  from  the  intervention  of  chemical  sub- 
stances in  the  blood  and  yet  most  striking  is  the  influence  on  the 
kidney  of  the  central  nervous  system.     The  potent  influence  of 
amotions  in  promoting  the  secretion  of  urine  is  proverbial,  and 
the  general  features  of  *  nervous '  urine,  the  water  increased  out  of 
proportion  to  the  solid  constituents,  especially  seen  in  the  "  urina 
nysterica,"  which  is  hardly  more  than  simple  water,  often  discharged 
in  enormous  quantity,  at  once  suggests  the  view  that  impulses 
ori^nating  in  the  brain  and  passing  down  to  the  kidney  along  the 
vaso-dilator  fibres,  of  whose  existence  evidence  was  given  in  §  413, 
lead  to  dilated  blood  vessels  and  great  play  of  glomerular  activity, 
-^thout  perhaps  producing  any  otner  direct  effect  on  the  economy; 
though  possibly  the  same  emotions  by  constricting  the  cutaneous 
and,  it  may  be,  other  vessels  may  raise  the  general  blood-pressure 
and  so  help  the  dilated  renal  vessels.     In  the  case  of  the  urine  of 
liysteria  we  are  tempted,  more  perhaps  than  in  any  other  instance, 
to  accept  the  hint  previously  thrown  out  that  it  is  possible  for  the 
v&Ba  anerentia  of  the  glomeruli  to  be  alone  dilated,  so  that  the 
greater  part  of  the  renal  blood  is  directed  to  the  glomeruli  and 
the  epitnelium  of  the  tubules  left  in  its  usual  quiet.     But  this 
IB  as  yet  pure  speculation. 


*1 


SEC.  4.     THE   DISCHARGE  OF   URINK 


§  424.     Structure  of  the  ureter.     The  ureter,  like  the  

ducts  of  other  glands,   consists  of  an   epithelium  resting  on  ^        a 
connective  tissue  basis  strengthened  with  plain  muscular  fibre^fc^ss. 
The  epithelium  is  in  its  characters  intermediate   between   \\\w  m  mif 
lining  the  cesophagus,  which  as  we  have  seen  (§  221)  resembles  th» 
epidermis  of  the  skin  and  that  lining  the  ducts  of  the  glands 
the  alimentary  canal.     It  consists  not  of  a  single   layer  but 
three  or  four  layers  of  cells.     The  lowermost  cells,  next  to  tl 
basement  membrane  which  limits  the  connective  tissue  basis, 
oval  cells  placed  vertically,  in  one  or  two  layers.     The  cells  of  tl 
next  layer  are   irregular  in  form  and  often  pear-shaped,  with 
narrowing  process  dipping  down  between  the  cells  below.     Aboi 
these,  forming  the  surface  of  the  epithelium,  is  a  layer  of  flat  or 
flattened  cubical  cells.     All  the  cells  are  nucleated,  and  there  a 
no  special  features  in  their  cell-substance. 

The  connective  tissue  is,  as  in  a  mucous  membrane,  delica'. 
immediately  below  the  epithelium,  but  becomes  coarser  and  mo> 
flbrous  in  its  outer  parts.     The  muscular  fibres  are  arranged 
three  layers,  an  inner  longitudinal,  a  thicker  middle  circular, 
a  thinner  less  regular  outer  longitudinal  layer  better  develops  ^rned 
in  the  lower  part  of  the  tube  than  elsewhere. 

Nerves  pass  into  the  ureter  at  the  upper  end  from  the  rei 
plexus  and  at  the  lower  end  from  the  spermatic  and  hypogastr  -^ric 
plexuses,  and  at  the  two  ends  nerve-cells  are  scattered  among  t^    ^i>e 
nerve-fibres. 

The  pelvis  of  the  kidney  is  an  expansion  of  the  upper  end         of 
the  ureter,  and  is  lined  by  an  epithelium  like  that  of  the  uretn:^^, 
which   is   continued  into   the   calyces  and   over  the   project^— b? 
papillae  of  the   p)nramids.     The   circular  muscular  fibres   of  *>ie 
ureter  are  continued  over  the  pelvis  but  form  here  a  relativ^y 
thinner  layer,  while  both  longitudinal  layers  are  very  scanty  ^^jA 
gradually  become  lost. 

At  its   lower  end  each  ureter  opens  by  an  oblique  o^mX^> 
serving  as  a  valve,  into  the  cavity  of  the  bladder. 
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§  426.  Structure  of  the  bladder.  The  epithelium  of  the 
l>Iadder  resembles  in  its  characters  that  of  the  ureter,  but  the 
^appearances  presented  by  the  cells  in  sections  of  prepared  bladders 
'will  naturally  vary  a  ^ood  deal  according  as  the  bladder  was 
hardened  in  a  contracted  or  in  a  distended  stata  This  epithelium 
'Wth  the  underlying  fine  connective  tissue  forms  a  mucous  mem- 
l>rane,  separated  by  submucous  connective  tissue  from  a  well- 
developea  muscular  coat,  which  in  turn  is  invested  with  an  outer 
ooat  of  connective  tissue  covered,  over  the  greater  part  of  the 
organ,  with  peritoneum. 

The  well-developed,  plain  muscular  fibre-cells  which  constitute 
this  muscular  coat  are  gathered  into  rounded  bundles,  or  flattened 
l)ands,  which  in  turn  are  arranged  in  a  plexiform  manner,  being  bound 
together  by  connective  tissue  carrymg  blood  vessels  and  nerves. 
The  direction  of  these  bundles  is  not  very  regular,  but  they  may 
he    regarded   as  forming  on   the   inner  side   below  the   mucous 
membrane  a  circularly  disposed   coat,  better   developed  at   the 
lower  part  of  the  bladder  round  the  opening  of  the  urethra  than 
elsewhere,  and   outside   this  a  longitudinally  disposed  coat,  the 
longitudinal  direction   of  the  bundles  being  better  seen  at  the 
front  and  back  than  at  the  sides.     Many  of  the  bundles  and  net- 
works of  bundles,  however,  in  both  coats  run  a  course  which  is 
neither  exactly  longitudinal  nor  circular.     The  inner  longitudinal 
coat  of  the  ureter  appears  to  be  represented  by  a  very  thin  and 
inconspicuous  layer.     The  thicker  and  better  developed  portion 
of  the  circularly  disposed  coat  is  sometimes  spoken  of  as  the 
sphincter  vesicce,  and  the  longitudinally  disposed  coat  is  similarly 
sometimes  called  the  detrusor  urince ;  but,  as  we  shall  see,  these 
names  are  undesirable.     In  the  dog  the  longitudinal  bundles  are 
much  better  developed  than  the  circular;  but  the  relative  pro- 
portion of  the   two   sets  of  bundles  seems  to  vary  in  different 
animals. 

The  bladder  is  supplied  with  nerves  from  the  hypogastric 
plexus,  the  fibres  being  both  meduUated  and  non-medullated. 
fhey  appear,  as  in  the  case  of  the  rectum  (§  276),  to  have  a  double 
origin,  coming  on  the  one  hand  from  the  lower  dorsal  and  upper 
lumbar  spinal  cord  through  the  sympathetic  system,  and  on  the 
other  hand,  in  a  more  direct  manner,  from  the  sacral  spinal 
nervea  More  abundant  round  the  neck  of  the  bladder  than 
higher  up  thev  run  at  first  in  the  outer  connective  tissue  coat,  be- 
neath the  pentonsBum  and,  forming  plexuses,  ultimately  end  partly 
in  the  blcnxl  vessels  and  partly  m  the  muscular  fibres,  though 
some  fibres  are  said  to  have  been  traced  to  the  epithelium. 
Groups  of  nerve-cells  occur  on  the  plexuses,  especially  near  the 
neck 

§  426.  The  urine,  like  the  bile,  is  secreted  continuously ;  the 
flow  may  rise  and  fall,  but,  in  health,  never  absolutely  ceases  for 
any  length  of  time.     The  cessation  of  renal  activity,  the  so-called 
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suppression  of  urine,  entails  speedy  death.  The  minute  streams 
passing  continuously,  now  more  rapidly  now  more  slowly,  along 
the  collecting  and  discharging  tubules,  are  gathered  into  the  renal 
pelvis,  whence  the  fluid  is  carried  along  the  ureters  into  the 
bladder  partly  by  pressure  and  gravity,  and  from  time  to  time 
partly,  as  we  have  already  said  (§  415),  by  the  peristaltic  contrac- 
tions of  the  muscular  walls  of  the  ureter. 

If  in  a  living  animal  a  ureter  be  laid  bare  and  stimulated, 
mechanically  or  otherwise,  at  a  part  of  its  course,  waves  of  peri- 
staltic contraction  may  be  seen  to  pass  in  both  directions  froi 
the  spot  stimulated,  upwards  towards  the  kidney  and  downwards 
towards  the  bladder.  In  the  absence  of  artificial  stimulatioi 
spontaneous  waves  of  contraction  make  their  appearance,  some 
times  repeated  with  tolerable  regularity  (about  every  20  second- 
in  the  rabbit),  sometimes  occurring  in  groups  with  longer  pause 
between.  These  spontaneous  contractions  invariably  pass  in  on* 
direction,  from  the  kidney  to  the  bladder;  and  their  frequenc^^iisy 
and  vigour  seem  to  be  determined  by  the  activity  of  the  secretiorr^czDii 
of  urine.  But  they  are  not  directly  called  forth  by  the  urin  ^ — me 
either  mechanically  distending  the  tube  or  chemically  stimuki^s^a- 
ting  the  inner  surface,  for  regularly  recurring  contractions  may  ~ 

observed  in  a  kidney  and  ureter  removed  from  the  body,  or  ev( 
in  an  isolated  excised  piece  of  the  ureter. 

The  rhythmically  repeated  contractions  arise  spontaneously  wE:  in 
the  muscular  coat  of  the  ureter  much  in  the  same  way  as  tl  M^he 
similar  cardiac  contractions  arise  in  the  muscular  substance  of  tbr^Oe 
heart;  and  it  may  here  be  mentioned,  in  support  of  what  w» — was 
urged  in  §  155  with  regard  to  the  heart-beats  not  being  starter  cied 
by  nerve-cells,  that  rh}ijhmically  repeated  spontaneous  peristalt^^^tic 
contractions  have  been  observed  in  isolated  pieces  of  ureter  tak^  -^en 
fix)m  the  middle  of  its  course,  in  which  no  nerve-cells  and  inde»^^=ed 
no  distinct  ner\'e-fibres  could  be  observed. 

In  the  living  body  these  spontaneous  movements,  beats  th^ — ney 
might  be  called,  are  subordinated  to  the  flow  of  urine  into  t— JP  the 
pelvis ;  the  more  active  the  secretion  of  urine  the  more  fieque=^  ent 
and  vigorous  are  the  beats  of  the  pelvis  and  ureter;  but  LM  the 
exact  mechanism  by  which  the  secretion  and  the  movements  ^  are 
maintained  in  harmony  has  not  yet  been  cleared  up. 

Micturition, 

§  427.     In  the  urinary  bladder,  the  urine  is  collected,         its 
return  into  the  ureters  being  prevented  by  the  oblique  entra^^ce 
into  the  bladder  and  valvular  nature  of  the  orifices  of  those  tub^  ^^; 
and  its  discharge  from  thence  in  considerable  quantity  is  eflFec  iterf 
from  time  to  time  by  a  somewhat  complex  muscular  mechanie=^''^, 
of  the   nature   and  working  of  which   the  following  is  a  bn^/* 
account. 


Chap,  hi.]      ELIMINATION   OF  WASTE  PRODUCTS.         681 

The  involuntary  muscular  fibres  forming  the  greater  part  of  the 
vesical  walls  are  arranged  as  we  have  said  partly  in  a  more  or  less 
longitudinal  direction,  and  partly  in  a  circular  manner.  After 
it  has  been  emptied  the  bladder  is  contracted  and  thrown  into 
folds ;  as  the  urine  gradually  collects,  the  bladder  becomes  more 
and  more  distended.  The  escape  of  the  fluid  is  in  part  prevented 
by  the  resistance  offered  by  the  elastic  fibres  in  the  walls  of  the 
urethra  which  help  to  keep  the  urethral  channel  closed.  But  this 
is  not  all ;  for  observation  shews  that  fluid  is  retained  within  the 
bladder  up  to  a  pressure  of  20  inches  of  water  so  long  as  the 
bladder  is  governed  by  an  intact  spinal  cord,  but  gives  way  to  a 
pressure  of  6  inches  only  when  the  lumbar  spinal  coni  is  destroyed 
or  the  vesical  nerves  are  severed.  This  affords  very  strong 
evidence  that  the  obstruction  at  the  neck  of  the  bladder  to  the 
exit  of  urine  depends  on  some  tonic  muscular  contraction  main- 
tained by  a  reflex  or  automatic  action  of  the  lumbar  spinal  cord. 
And  it  has  been  maintained  that  it  is  the  circularly  disposed  fibres 
specially  developed  around  the  neck  of  the  bladder  which  are  the 
subjects  of  this  tonic  contraction  and  thus  the  chief  cause  of  the 
retention ;  hence  the  name  sphincter  vesicae.  The  continuity  of 
these  fibres,  however,  with  the  rest  of  the  circular  fibres  of  the 
bladder  suggests  that  they  probably  do  not  act  as  a  sphincter,  but 
that  their  use  lies  in  their  contracting  after  the  rest  of  the  vesical 
fibres,  and  thus  finishing  the  evacuation  of  the  bladder.  The 
resistance  in  question  is  supplied  by  a  tonic  contraction  not  of 
these  circular  fibres  of  the  bladder  itself  but  of  the  muscular 
fibres,  partly  plain,  partly  striated,  surrounding  the  prostatic  portion 
of  the  urethra,  and  constituting  the  sphincter  vesicas  extemus  or 
j)rosiaticus  or  sphincter  of  Henle.  It  is  stated  that  artificially 
excited  contractions  of  these  fibres  will  resist  a  pressure  of  fluid  in 
the  bladder. 

When  the  bladder  has  become  full,  we  feel  the  need  of  making 
water,  the  sensation  being  heightened  if  not  caused  by  the 
trickling  of  a  few  drops  of  urine  from  the  full  bladder  into  the 
urethra  We  are  then  conscious  of  an  effort;  during  this  effort  the 
bladder  is  thrown  into  a  long-continued  contraction  of  an  obscurely 
peristaltic  nature,  the  force  of  which  is  more  than  sufficient  to 
overcome  the  resistance  offered  by  the  urethra,  and  the  urine  issues 
in  a  stream,  the  sphincter  vesicae  extemus  being  at  the  same 
time  either  relaxed  after  the  fashion  of  the  sphincter  ani,  or  at 
least  overcome.  In  its  passage  along  the  urethra,  the  exit  of  the 
urine,  at  all  events  of  the  last  portions,  is  forwarded  by  irregularly 
rhythmic  contractions  of  the  bulbo-cavemosus  or  ejaculator  urina? 
muscle,  the  contractions  of  which  compress  the  urethra ;  and  the 
whole  act  is  further  assisted  by  pressure  on  the  bladder  exerted 
by  means  of  the  abdominal  muscles,  very  much  the  same  as  in 
defecation. 

In  the  case  of  the  rectum  we  were  able  (§  276)  to  distinguish 
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between  the  actions  of  the  longitudinal  and  of  the  circular  coats, 
and  we   said   that   the   two  coats  had  distinct  nervous  supplies 
(Fig.    70).     The   bladder  has,  as  we  have  said,  a  similar  double 
nerve  supply,  and  it  is  very  probable,  but  not  yet  distinctly  proven, 
that  this  like  double  supply  has  a  like  double  action.    Stimulation 
of  the  branches  coming  from  the  sacral  ner\  es,  at  the  same  time 
that   it   throws  the   longitudinal  coat   of  the  rectum  into  con- 
tractions brings  about  in  the  dog,  in  which  the  longitudinal  fibres 
of  the   bladder  are   much   more  pronounced  than  the  circular,, 
powerful  vesical  contractions.     Moreover,  stimulation  of  the  sacral 
nerves  on  one  side  produces  unilateral  contraction  of  the  bladder.-^  r. 
From  this  we  may  infer  that  the  sacral  nerves  govern  the  longi —  ji- 
tudinal  coat.    Stimulation  of  the  hypogastric  nerves  carrying  fibre^t^-^=e8 
from  the  dorsal  and  upper  lumbar  cord,  see  Fig.  70,  while  throwin^^  -Mg 
the  circular  coat  of  the  rectum  into  strong  contractions,  gives 
to  vesical  contractions,  but  these  are  by  no  means  so  marked 
those  which  appear  when  the  saCral  nerves  are  stimulated.     W^   ^Je 
may  probably  conclude   that  the   more   important   fibres  in  th».^=:ne 
fundus  of  the  bladder,  which  are  for  the  most  part  longitudinaT  .^rul, 
are  to  be  regarded  as  governed  for  the  most  part  by  the  sacra^Br—ial 
nerve-fibres,  while  the  circular  muscular  fibres  around  the  neck  c^     of 
the  bladder,  whose  contraction  completes  as  it  were  the  emptyin^^c^Hig 
of  the  bladder,  are  those  on  which  the  hypogastric  nerve-fibrc^^^-res 
have  chief  influence. 

§  428.  We  said  just  now  "  when  the  bladder  has  become  full^fl"  -11," 
but  this  must  not  be  understood  to  mean,  **  when  the  bladder  h»  -^mas 
received  a  certain  quantity  of  fluid."  On  the  contrary,  it  is  a  matUo^  ter 
of  common  experience  that  we  feel  the  desire  to  make  water  somMii^e- 
times  when  a  large  quantity  and  sometimes  when  a  small  quantif^ty 
of  urine  has  accumulated  in  the  bladder.  We  have  evidence  tfacrfhat 
the  bladder  possesses  to  a  very  high  degree  that  obscure  cczr^^^n- 
tinuous  contraction  which  we  speak  of  as  '  tone ' ;  and  further  ttX^  iiat 
the  amount  of  its  tone  is  exceedingly  variable,  the  organ,  qu  i    iite 

independently  of  distinct  efforts  at  micturition,  being  at  one  ti mune 

contracted  and  at  another  flaccid  and  distended.     When  it  is  ir  — d  a 
contracted  state,  a  small  quantity  of  fluid  may  exert  the  sa^^ame 
eflFect  on  the  vesical  walls  as  a  larger  quantity  when  the  bladde  ^^  r  is 
flaccid.    Hence  w^hile  the  determining  cause  of  the  desire  to  m     ^\ke 
water  is  the  pressure  of  the  urine  upon  the  vesical  walls,        the 
quantity  needed  to  produce  the  necessary  fulness  is  dependence  on 
the  amount  of  tonic  contraction  of  the  muscular  fibres  exis^iog 
at  the  time.    And  we  have  evidence  that  this  tone  is  regulatec?  by 
the  nervous  system. 

§  429.     Micturition  as  sketched  above  seems  at  first  sight,  aocf 
especially  when  we  appeal  to   our  own  consciousness,  a  pure/y       #  ^ 
voluntary  act.    A  voluntary  effort  throws  the  muscular  fibres  of  the 
bladder  into  contractions,  an  accompanying  voluntary  effort  lessens 
the  tone  of  the  sphincter  extemus,  prooably  by  inhibiting  its 
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centre  in  the  spinal  cord,  while  other  voluntary  efforts  throw  the 
ejaculator  and  abdominal  muscles  into  contractions,  and,  the 
resistance  of  the  urethra  being  thereby  overcome,  the  exit  of  the 
urine  naturally  follows. 

There  are  facts,  however,  which  prevent  the  acceptance  of  so 
simple  a  view.  In  the  first  place,  in  cases  of  urethral  obstruction, 
where  the  bladder  cannot  oe  emptied  when  it  reaches  its  ac- 
customed fulness,  the  increasing  distension  sets  up  fruitless  but 
powerful  contractions  of  the  vesical  walls,  contractions  which  are 
clearly  involuntary  in  nature,  which  wane  or  disappear,  and 
return  again  and  again  in  a  rhythmic  manner,  and  which  may 
1)8  so  strong  and  powerful  as  to  cause  great  suflFering.  It  seems 
that  the  fibres  of  the  bladder,  like  all  other  muscular  fibres,  have 
their  contractions  augmented  in  proportion  as  they  are  subjected 
to  tension.  Just  as  a  previously  quiescent  ventncle  of  a  frog's 
heart  may  be  excited  to  a  rhythmic  beat  by  distending  its  cavity 
with  blood,  so  the  quiescent  bladder  may,  quite  independent  of 
the  will,  be  excited,  by  the  distension  of  its  cavity,  to  a  peristaltic 
action  which  in  normal  cases  is  never  carried  beyond  a  first  eflFort, 
since  with  that  the  bladder  is  emptied  and  the  stimulus  is  removed, 
but  which  in  cases  of  obstruction  is  enabled  clearly  to  manifest  its 
rhythmic  nature. 

In  the  second  place  it  has  been  shewn  that  quite  normal  mictu- 
rition may  take  place  in  a  dog  in  which  the  lumbar  region  of  the 
spinal  cord  has  been  completely  and  permanently  separated  by 
section  from  the  upper  dorsal  region.  In  such  a  case  there  can  be 
no  exercise  of  volition,  and  the  whole  process  appears  as  a  reflex 
action.  When  under  these  circumstances  the  bladder  becomes 
full  (and  otherwise  apparently  the  act  fails)  any  slight  stimulus, 
such  as  sponging  the  anus  or  slight  pressure  on  the  abdominal 
walls,  causes  a  complete  act  of  micturition :  the  bladder  is  entirely 
emptied,  and  the  stream  of  urine  towards  the  end  of  the  act 
unaergoes  rhythmical  augmentations  due  to  contractions  of  the 
ejaculator  urina^.  These  facts  can  only  be  interpreted  on  the  view 
that  there  exists  in  the  lower  spinal  cord  (of  the  dog)  what  we 
may  speak  of  as  a  micturition  centre  capable  of  being  thrown  into 
action  by  appropriate  afferent  impulses,  the  action  of  the  centre 
being  such  as  to  cause  a  contraction  of  the  walls  of  the  bladder  and 
of  the  ejaculator  urinse,  and  at  the  same  time  to  suspend  the  tone 
of  the  sphincter  vesicae  extemus.  Clinical  experience  also  goes 
to  shew  the  existence  of  a  similar  micturition  centre  in  man, 
placed  higher  up  in  the  cord  than  the  corresponding  '  genital ' 
centre  governing  the  genital  organs. 

Moreover  we  have,  in  the  case  both  of  man  and  of  other 
8Aimals,  experimental  and  other  evidence  that  contraction  of  the 
bladder  is  frequently  brought  about  by  reflex  action.  Thus  the 
pressure  within  the  bladder  when  observed  for  any  length  of  time 
18  found  to   be  subject  to  considerable   and  manifold  variations. 
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Over  and  above  passive  chancres  in  pressure  due  to  the  respi-  — ^ 
ratory  movements,  through  which  the  oladder  is  pressed  upon  at  c^  ^ 
each  descent  of  the  diaphragm,  active  contractions,  of  a  strength  m-;^  \ 
inadequate  to  bring  about  micturition,  are  ftx)m  time  to  time  i^=^  ^^ 
observed.  These  in  some  instances  appear  to  be  spouttoeous,  or-x:<3r 
to  be  the  result  of  emotions,  but  they  may  be  readily  induced  in  a^^  a 
reflex  manner,  by  stimulating  various  sentient  surfaces  or  sensory^r-— jy 
nerves.  And  common  experience  affords  many  instances  wherej^'— :«re 
vesical  contractions  thus  brought  about  in  a  reflex  manner 
strength  adequate  to  empty  the  bladder. 

Observations  of  vesical  pressure  may  be  most  conveniently  carrie#^^^.ed 
out  by  introducing  into  the  bladder  a  catheter  connected  with  a  wate^^^cer 
manometer  and  a  registering  apparatus,  and  so  arranged  as  to  allo^^^^ow 
fluid  to  be  driven  into  or  received  from  the  bladder  at  pleasure. 

§  430.     Involuntary  micturition  obviously  of  reflex  nature 
frequently  been  observed  in  cases  of  paralysis  from  disease  of 
injury  to  the  spinal  cord ;  and  the  involuntary  micturition  whi< 
is  common  in  children,  as  the  result  of  irritation  of  the  penis 
genital  organs,  and  which  sometimes  occurs  in  the  adult  as  tl 
result  of  emotions,  or  at  least  sensory  impressions,  appears  to 
the  result  of  reflex  action.     In  these  several  cases  we  may  fai 
suppose  that  the  centre  in  the  spinal  cord  is  affected  by  affere 
impulses  reaching  it  along  various  sensory  nerves  or  descendir^Hi^ 
from  the  brain.    Hence  we  are  led  to  the  conception  that  when  ^^^re 
make  water  by  a  conscious  effort  of  the  will,  what  occurs  is  nc^*;  a 
direct  action  of  the  will  on  the  muscular  walls  of  the  bladder,  t^iit 
that  impulses  started   by  the  will  descend  from   the  brain  af^^er 
the  fashion  of  afferent  impulses  and  thus  in  a  reflex  manner  tht-ow 
into   action   the    micturition   centre    in    the    spinal    cord.     XVe 
may  draw   an  analogy  between  the  micturition   apparatus  ta-nd 
the  respiratory  mechanism.     We  saw  reasons  in  the  latter  cape  to 
think  that  when  the  >vill  interfered  with  the  respiratory  move- 
ments, it  did  so  by  acting  upon  the  nervous  mechanism  in   the 
central  nervous  system  and  not  by  acting  directly  on  the  muscular 
fibres  of  the  diaphragm  and  other  respiratorj'  muscles.     And  the 
case  of  the  plain  muscular  fibres  of  the  bladder  seems  even  stronger 
than  that  of  respiratory  muscles  so  largely  skeletal    in   nature. 
We  might  also  draw  an  analogy  with  the  heart.     We  are  not  able 
to  throw  into  action,  by  any  direct  effort  of  the  will,  the  cardiac 
augmentor  mechanism.     Were  we  able  to  do  so  powerfully  and 
suddenly,  we  might  throw  into  violent  action  a  weakly  beating  heart 
much  in  the  same  way  that  we  empty  an  obscurely  contractinK 
bladder.    Nor  is  this  view  negatived  by  the  fact  that  paralysis  of  tb* 
bladder,  or  rather  inability  to  make  water  either  voluntarily  or  i^ 
a  reflex  manner,  is  a  common  symptom  of  cerebral  or  spinal  diseas 
or  injury.     Putting  aside  the  cases  in  which  the  reflex  act  is  nc 
called  forth  because  the  appropriate  stimulus  has  not  been  applie 
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^^  fiEulure  in  micturition  under  these  circumstances  may  be 
^plained  by  supposing  that  the  shock  of  the  spinal  injury  or 
ome  extension  of  the  disease  has  rendered  the  spinal  centre 
inable  to  act. 

The  so-called  incontinence  of  urine  in  children  is  simply  an 
asily  excited  and  frequently  repeated  reflex  micturition.  In 
ises  of  cerebral  or  spinal  disease  a  form  of  incontinence  is 
equently  met  with  which  seems  to  be  of  a  diflferent  nature. 
he  bladder  becoming  full,  but,  owing  to  a  failure  in  the  mechan- 
m  of  voluntary  or  reflex  micturition,  being  unable  to  empty 
jelf  by  a  complete  contraction,  a  continual  dribbling  of  unne 
kes  place  through  the  urethra,  the  fulness  of  the  bladder  being 
fficient  to  overcome  the  resistance  at  the  neck  of  the  urethra. 

is  probable,  however,  that  even  in  these  cases  the  flow  is 
irtlv  caused  by  obscure,  unfelt,  intrinsic  contractions  of  the 
adder. 

§  431.  Whether,  under  normal  conditions,  the  urine  undergoes 
ly  notable  change  during  its  stay  in  the  bladder  has  been  much 
abated  Experiments  shew  that  poisonous  substances  injected 
to  the  bladder  with  all  due  care  to  avoid  any  abrasion  of  the 
>ithelium  are  absorbed  and  produce  their  usual  effects.  It  has 
ao  been  stated  that  if  a  solution  of  urea  be  injected  into  the 
ladder  after  ligature  of  both  ureters,  and  allowed  to  stay  for  some 
ours,  part  of  the  urea  disappears.  But  at  present  there  is  no 
ery  decided  proof  that  under  ordinary  conditions  either  the  water 
>r  other  constituents  of  urine  are  to  any  appreciable  extent 
kbeorbed  by  the  bladder. 

Under  abnormal  conditions,  as  in  inflammation  or  irritation 
rf  the  bladder,  the  urine  may  have  undergone  marked  changes 
luring  its  stay  in  the  bladder,  one  of  the  most  common  being  a 
kange  of  some  of  the  urea  into  ammonium  carbonate,  by  which 
be  urine  becomes  alkaline.  Under  abnormal  conditions  also,' 
le  mucus  of  the  urine,  which  in  a  healthy  man  is  insignificant, 
lough  in  some  animals,  for  instance  the  horse,  it  occurs  in 
^nsiderable  quantity,  is  largely  increased  during  the  stay  in  the 
ladder.  Since  there  are  in  man  no  goblet  cells  in  the  vesical 
pithelium  (in  the  frog  they  are  present)  or  mucus  glands  in  the 
'alls  of  the  bladder,  this  mucus  must  be  supplied  by  an  abnormal 
metabolism  of  the  ordinary  epithelial  cells. 


SEC.  5.     THE  STRUCTURE  OF  THE  SKIN. 


§  432.     The  skin,  like  a  mucous  membrane,  consists  of 
epithelium  resting  upon  a  connective  tissue  basis ;  the  epitheliu    ^^ 
which  is  composed  of  many  layers  of  cells,  is  called  epidermis,  th^Mhe 
connective  tissue  basis  is  called  dermis,  or  corium,  or  cutis 
The  surface  of  the  dermis  is  thrown  up  into  a  number  of  elevatio 
papiUas,  which  diflfer  in  size,  form,  complexity  and  arrangemecr  :^nt 
in  different  regions  of  the  bodv.     Some  are  small,  more  or  h'       -«ft 
conical  elevations,  simple  papillce.     In  others,  a  broader  prim&^iwy 
elevation  is  divided  at  its  summit  into  a  number  of  seconda^^wj 
elevations ;  these  are  compov/nd  papiUcs.    In  many  regions  of  L     -h^ 
skin,  as  for  example  in  the  palms  of  the  hands,  the  papillae  ^smie 
arranged  in  ridges  separated  by  shallow  furrows.     The  surfigM»=^:-  of 
the  skin,  that  is,  the  contour  of  the  epidermis,  does  not  follow  fl^Bhe 
papillary  contour  of  the  dermis ;  the  papillse  accordingly  ap{^^  ^ear 
to  plunge  into  and  to  be  covered  up  by  the  more  even  epiderrr^aiis, 
the  surface  of  which,  however,  is  marked  by  the  ridges  and  furr-^KDws 
spoken  of  above  as  well  as  by  bolder  creases  and  foTda 

The  surface  of  the  dermis  is  not  developed  into  a  distinct    ^smd 
separable  basement  membrane,  as  is  so  often  the  case  in  a  mucinous 
membrane;  but  in  the  most  superficial  portions  of  the  demmnis 
the  connective  tissue  shews  little  or  no  fibnllation  and  consists    of  a 
homogeneous  matrix,  in  which  are  imbedded  connective   tLssue 
corpuscles  and    extremely   fine    elastic    fibres.     This   superlicia/ 
portion  of  the  dermis,  which  is  especially  well-developed  in    tie 
papillae,  serves  accordingly  the  purposes  of  a  basement  membrane, 
and  sharply  defines  the   dermis   from   the  overlying  epidennia. 
At  a  very  little  distance  from  the  epidermis  fibrillation  makes  its 
appearance,  the  bundles  of  fibrilte  interlacing  in  a  network  which, 
very  close  set  in  the  outer,  more  superficial  layers,  becomes  more 
and  more  open  in  the  inner,  deeper  parts.     The  connective  tissue 
of  the  dermis  thus  passes  insensibly  into  the  sub-cutaneous  con- 
nective  tissue,  in  which   thick   interwoven   bundles   of  fibrillse, 
bearing  in  transverse  section  a  certain  resemblance  to  sections  of 
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^^'J^don-bundles,  form  a  tough  open  network,  the  larger  spaces  of 
^*iich  are   frequently  occupied   by   masses   of  fat   cells   of  the 
^^\x5utaneous  adipose   tissue.     Elastic   fibres  are  very  abundant 
^^  the  dermis  proper,  being  very  fine  immediately  beneath  the 
^'pidermis  and  becoming  coarser  in  the  deeper  parts;  they  are 
t^resent  also,  though  to  a  less  extent,  in  the  subcutaneous  con- 
nective tissue.     The  skin  as  a  whole  is  a  very  elastic  structure. 

Blood  vessels  are  very  abundant,  forming  close  set  capillary 
tietworks  and  loops  immediately  under  the  epidermis,  especially 
in  the  papillae,  and  more  open  networks  elsewhere ;  but  no  blood 
vessel  passes  into  the  epidermis.  Lymphatic  vessels  and  lymphatic 
capillaries  are  abundant  in  the  dermis,  being  connected  here  as  in 
other  regions  of  the  body  with  smaller  "  lymph-spaces." 

The  consideration  of  the  nerves  of  the  skin  it  will  be  advan- 
tageous to  defer  until  we  come  to  deal  with  the  skin  as  an  organ  of 
sense ;  for  though  some  of  the  cutaneous  nerve  fibres  are  efferent 
fibres  distributed  to  the  blood  vessels,  and  probably  to  the  sweat- 
glands  and  other  structures  not  directly  connected  with  the  sense 
of  touch,  by  far  the  greater  number  are  afferent  fibres  beginning 
in  distinct  tactile  organs,  or  otherwise  serving  as  sensory  structures. 
§  433.  The  epidermis  consists  of  two  parts,  separated  by  a 
fiedrly  sharp  line  of  demarcation :  an  inner  soft  layer,  the  Mal- 
pighian  layer,  or  stratum  Malmghii,  and  an  outer  harder  homy 
layer,  or  stratum  comeum.  The  skin  as  is  well  known  varies  in 
tmckness  in  different  regions  of  the  body,  and  the  differences  are 
due  almost  exclusively  to  variations  in  the  thickness  of  the  homy 
layer  which,  as  over  the  lips,  may  be  extremely  thin,  or  as  on  the 
heel,  excessively  thick ;  compared  with  the  variations  in  thickness 
of  the  homy  layer,  the  variations  in  thickness  of  the  Malpighian 
layer  or  of  the  dermis  may  be  disregarded. 

The  line  of  demarcation  between  the  Malpighian  and  homy 
layers  follows  the  contour  of  the  surface  of  the  skin,  not  that  of 
the  dermis,  the  papillae  of  which  appear  in  sections  as  if  imbedded 
in  the  Malpighian  layer.  When  the  skin  after  death  is  macerated, 
the  homy  layer  is  apt  to  peel  off  from  the  Malpighian  layer  below, 
which,  originally  soft  and  rendered  still  softer  by  the  maceration, 
then  appears  as  a  layer  of  slimy  tissue  spread  out  between 
the  sides  of  and  covering  the  summits  of  the  papillae  of  the  dermis, 
somewhat  after  the  fashion  of  a  network ;  hence  this  layer  was  in 
old  times  spoken  of  as  the  ret^  mucosum. 

The  lowermost,  innermost  portion  of  the  Malpighian  layer 
resting  upon  the  dermis,  consists  of  a  single  layer  of  elongated,  or 
almost  columnar  cells  placed  vertically,  that  is  with  their  long 
axis  perpendicular  to  the  plane  of  the  dermis.  This  layer,  which 
preserves  the  original  features  of  the  epiblast  of  the  embryo, 
and  which  may  be  followed  over  the  papilhe  as  well  as  along  the 
intervening  valleys,  presents  a  characteristic  appearance  in  vertical 
sections  of  the  skin.     E^h  cell,  which  is  about  as  large  as  a 
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leucocyte,  about  12/tt  by  6/1,  consists  of  a  relatively  large  oval 
nucleus  lying  in  the  midst  of  a  coarsely  granular  cell-substance, 
which  stains  readily  >vith  the  ordinary  staining  reagents.  The  base 
of  the  cell  abutting  on  the  dennis  often  shews  fine  processes 
interlocking  with  corresponding  processes  from  the  dermis;  the 
sides  of  the  cells  are  in  close  contact,  but  merely  in  contact,  no 
cement  substance  existing  between  them. 

The  rest  of  the  cells  of  the  Malpighian  layer,  much  like  each 
other,  are  polygonal  or  irregularly  cubical  cells,  resembling  the  ver- 


tical cells  just  spoken  of  in  so  far  that  each  consists  of  a  coarselji  %^ 
granular  cell-substance  in  which  is  imbedded  a  relatively  1 
nucleus ;  this  however  is  spherical  not  ovaL  The  surface  of  eac 
cell  is  thrown  up  into  short  ridges,  radiating  somewhat  irregularlj^^  _4y 
from  the  centre  of  the  cell  and  projecting  at  the  surface  an(z=»  jod 
edges,  so  as  to  give  the  cell  somewhat  the  appearance  of  bein^^  Mzig 
armed  with  a  number  of  prickles.  Hence  these  cells  are  ofteim:  ^bbti 
called  'prickle  cells.*  The  prickles  of  a  cell  do  not  interlock  witW":^^h 
those  of  its  neighbours  but  touch  at  their  points,  so  that  th».crAe 
contact  of  two  adjacent  cells  is  not  complete  but  carried  out  b;^zAy 
the  points  of  the  prickles  only,  minute  spaces  being  left  betweer.^  a—n. 
Hence  the  whole  Malpighian  layer  is  traversed  by  a  labyrinth  c^  of 
minute  passages,  along  which  fluid  can  pass  between  the  touelmH=^mg 
prickles. 

In  dark  skins,  as  in  that  of  the  negro,  pigment  particles  abou 
in  the  lower  Malpighian  cells,  especially  m  the  vertical  layer, 
such  cases  branched  pigment-cells,  connective   tissue    corpusc 
loaded  with  pigment  granules,  are  to  be  seen  in  the  dermis  a' 
and  occasionally  similar  branched  cells  may  be  seen  in  the  epid 
between  the  Malpighian  cells.     Leucocytes  also  not  infrequeni 
pass  out  of  the  dermis  and  wander  among  the  cells  of  the  M 
pighian  layer. 

The   nuclei   not  only  of  the  vertical  but  also  of  the  otE^^her 
polygonal   cells  may,  not   unfrequently,  be   observed   in  vari*-    __ous 
stages  of  kar}^onntosi8.     Throughout  life  the  cells  of  this  iK^CTa/- 
pighian  layer  of  the  skin  appear  to  be  undergoing  multiplicatiz^iozi 
by  division  ;  the  incresu^e  of  population  thus  arising  is  kept  dowi^^  bv 
the  cells  passing  upwards  and  outwards,  and  becoming  transforcmet/ 
into  the  cells  of  the  homy  layer. 

§  434.     The  line  of  demarcation  between  the  Malpighian  la^jer 
and  the  homy  layer  is,  as  we  have  said,  sharp  and  distinct.     It  is 
furnished  by  two  peculiar  strata  of  cells,  more  conspicuous  in  some 
regions  of  the  skin  than  in  others.     The  lowermost,  innermost 
stratum  consists  of  a  single  layer  or  of  two  or  three  layers  of  cells 
which  are  not  unlike  Malpighian  cells,  but  are  differentiated  by 
their  form,  being  extended  horizontally  so  as  frequently  to  appear 
fusiform  in  vertical  sections,  by  the  absence  of  prickles,  by  tneir 
staining  very  deeply  with  certain  reagents,  such  as  osmic  acid,  and 
especially  by  their  cell  substance  being  crowded  with  large  discrete 
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granules  of  a  peculiar  nature.     Hence  this  stratum  is  called  the 
ttratum  ffranuiasum. 

The  stratum  above  this  consists  of  one  or  two  or  even  more 
layers  of  cells,  elongated  and  flattened  horizontally,  the  cell 
substance  of  which  is  homogeneous  and  transparent,  free  from 
granules  and  not  staining  very  readily.  In  the  middle  of  a  cell 
may  frequently  be  seen  a  rod-shaped  nucleus  placed  horizontally. 
These  clear  transparent  cells  form  a  transparent  seam,  the  stratum 
lucidum,  between  the  stratum  granulosum  and  Malpighian  layer 
below  and  the  horny  layer  above. 

§  436.  The  homy  layer,  which  is  as  we  have  said  of  variable 
but  nearly  always  of  considerable  thickness,  is  formed  of  a  number 
of  layers  of  cells  which,  differentiated  already  in  the  lowest  layers, 
have  that  differentiation  completed  as  these  pass  upwarda  The 
upper,  outer  portion  of  this  homy  layer  is  continually  being  shed 
or  rubbed  off  in  the  form  of  flakes  of  variable  size.  Each  flake 
upon  examination,  as  for  instance  after  dissociation  by  maceration 
or  with  the  help  of  alkalis,  is  found  to  be  composed  of  elements 
which  can  no  longer  be  recognized  as  cells,  and  which  may  be 
spoken  of  as  scales.  Each  scale  is  a  flattened  mass  or  plate  in 
which  no  nucleus  can  be  seen,  and  which  consists  not  of  the 
proteids  and  other  constituents  of  ordinary  cell  substance  (§  29) 
but  almost  exclusively  of  a  material  called  keratin.  This  is  a 
body,  the  exact  nature  of  which  has  not  yet  been  clearly  made 
out,  but  which  has  the  general  percentage  composition  of  proteids, 
from  which  it  is  a  derivate,  with  the  exception  that  it  contains  a 
joonsiderable  quantity  of  sulphur  (the  keratin  of  hair  contains  as 
much  as  5  p.c.);  this  sulphur  appears  to  be  somewhat  loosely 
attached  to  the  other  elements  of  the  keratin  since  it  may  be 
removed  by  boiling  with  alkalis. 

The  lowermost  portions  of  the  homy  layer  are  composed  of 

elements   which   may  still   be   recognized   as  cells,  inasmuch   as 

each  contains  a  nucleus,  though  this  is  obviously  undergoing  change 

and  on  the  way  to  disappear.     Ekich  cell  is,  however,  flattened  and 

plate-like,  and  its  substance  already  consists   largely  of  keratin. 

In  passing  upwards  from  the  lower  to  the  more  superficial  parts  of 

the   homy   layer  such   an   imperfect  cell  loses  its  nucleus,  and 

becomes  the  wholly  keratinous  plate  just  described.     The  whole 

homy  layer  consists  of  strata  of  elements,  homy  to  begin  with,  but 

becoming  more   completely  so   in    the   upper  parts.     Below,  in 

contact  with  the  moist  Malpighian  layer,  the  homy  layer  is  moist 

but  the  superficial  parts  become  dry  by  evaporation ;   and  here 

the  strata  delaminate  from  each  other,  the  outer  ones,  as  we  have 

said,  being  shed  in  the  form  of  flakes,  which  seen  in  the   dry 

condition  under  the  microscope   have  often   the   appearance   of 

uregular  fibres. 

The  karyomitosis  seen  in  the  cells  of  the  Malpighian  layer,  not 
<^ly  in  those  of  the  vertical  layer  but  in  the  others  as  well,  shew, 
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as  we  have  said,  that  these  multiply  by  division;  we  have  no 
evidence  of  multiplication  taking  place  elsewhere  in  the  epidermis. 
The  more  superficial  cells  of  the  Malpighian  layer,  thrust  upwards 
by  the  new  comers,  are  transformed  mto  the  cells  of  the  stratum, 
granulosum ;  and  although  we  do  not  as  yet  fully  understand  the 
exact  nature  of  the  transformation  we  may  conclude  that  tin 
peculiar  granules  of  these  cells  are  concerned  in  the  manufactures:^ 
of  keratin.     Changed  by  the  consumption  of  their  granules  in  thi 

manufacture  the  cells  of  the  stratum  graiiulosum  become  first  th     

cells  of  the  stratum  lucidum  and  then  the  cells  of  the  distinctL^^y 
homy  layer,  pushed  upwards  through  which  by  the  new  formation 
continually  succeeding  below  them,  they  pass  to  the  surfisu^e 
are  eventual^  shed. 

§  436.     The  sweat-glanda,     A  sweat-gland,  like  other  glan 
consists  of  a  secreting  portion  and  a  conducting  portion.     T^    ^ 
secreting  portion  is  a  long  tubular  alveolus  coiled  up  in  a  kr^rin^oj 
and  placed  in  the  subcutaneous  connective  tissue  at  some  distacnrace 
from  the  epidermis.     Generally  the  gland  is  formed  of  one  si:^^.^ 
tubule  only,  but  sometimes  two  tubules  unite  into  a  common  duj^^^ 
The  duct  beginning  in  the  knot,  in  the  convolutions  of  whidx  it 
shares,  runs  a  somewhat   wavy   but    otherwise    straight    covxise 
vertically  towards  the  surfeice  of  the  skin  on  to  which  its  lux22eo 
opens. 

Through   the   epidermis  the  duct  is    nothing  more   than  a 
tubular  passage  excavated  out  of  the  epidermis  vdth  a  remarkaUe 
corkscrew  course,  the  turns  of  the  screw  becoming  more  open  and 
the  canal  wider  in  the  upper  part  as  it  approaches  the  sur&ce. 
In  the  Malpighian  layer  the  cells  bordering  on  the  passage  are 
flattened  and  inclined  downwards  so  as  to  afford  a  more  or  lees       -.  ^ 
definite  lining ;  there  is  a  similar  arrangement  but   not  so  well 
seen  in   the   corneous   layer.     Reaching  the  dermis,  in  a  valley 
between   papillae,  the   passage  becomes  a  regular  duct,  with  an 
independent  epithelium  of  its  own,  a  distinct  basement  membrane       i"^^^ 
continuous  with  the  upper  surface  of  the  dermis,  and  an  outer  coat' 
of  connective  tissue  strengthened,  in  the  case  of  some  of  the  Icu^^ 
glands,  such  as  those  of  the  axilla,  with  plain  muscular  fibrea    T\il^ 
epithelium  consists  of  two  or  three  layers  of  small  rounded  cell^^ 
each  with  a  relatively  large  but  absolutely  small  nucleus,  generally'' 
staining  deeply.     The   cells  leave  a  narrow   tubular  thread-lik^ 
lumen  which  is  lined  with  a  very  characteristic  distinct  cuticle. 

The  duct  continues  to  possess  these  characters  after  it  ha^ 
entered  the  knot  and  begun  to  pursue  a  twisted  course,  but  soo^^ 
changes  suddenly  into  the  secreting  tubule.  This  may  be  distio--^ 
guished  from  the  duct  by  being  wider,  and  by  being  lined  by  ^ 
single  layer  of  cubical  or  columnar  cells  larger  than  those  of  tb^^ 
duct,  bearing  larger  nuclei,  and  behaving  differently  toward^ 
various  staining  reagents.  The  lumen  though  fairly  distinc?^^ 
is  not  lined  by  any  cuticle  as  in  the  duct.     Lying  between  tb^ 
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isement  membrane  and  the  epithelial  cells,  or  rather  imbed- 
3d  in  the  basement  membrane,  are  seen  a  number  of  plain 
Uficular  fibres  disposed  longitudinally  or  in  an  elongated  spiral, 
id  often  forming  a  distinct  coat  beneath  the  epithelium. 

As  in  the  case  of  other  glands,  we  are  unable  to  make  any 
atement  as  to  the  work  earned  on  by  the  epithelium  lining  the 
net,  but  we  may  probably  assume  that  the  sweat  is  mainly 
»creted  by  the  larger  cells  of  the  terminal  coiled  part  of  the 
ibule.  These  cells  therefore  like  other  secreting  cells  are  pro- 
iibly  '  loaded'  and  '  discharged' ;  but  as  yet  no  marked  structural 
lanees  in  the  cells  corresponding  to  these  phases  have  been 
ktisractorily  ascertained,  though  after  the  administration  of 
llocarpine,  which  causes  sweating,  the  cells  of  glands  hardened 
i  alcohol  stain  more  deeply  than  usual  with  carmine.  It  must 
3  remembered,  however,  that  the  sweat  contains  normally  neither 
Lucus  nor  proteid  substances,  and  we  should  therefore  not  expect 
I  observe  '  granules '  in  the  cells. 

The  peculiarly  placed  muscular  fibres  have  been  supposed, 
y  their  contraction,  to  assist  in  the  flow  of  sweat  along  the 
ibule.  In  certain  cutaneous  glands  of  the  &og,  of  a  relatively 
mple  nature,  there  is  evidence  that  the  secretion  is  ejected  from 
lie  comparatively  large  lumen  by  the  contraction  of  plain  muscular 
bres  in  the  wall  of  the  gland,  or  by  a  contraction  of  the  wall  itself, 
rhich  is  contractile  without  being  distinctly  differentiated  into 
Quscular  tissue.  And  this  rather  supports  the  above  view;  but 
ihe  matter  is  at  present  by  no  means  clear. 

The  coil  of  a  sweat-gland  is  well  supplied  with  blood  vessels 
in  the  form  of  capillary  networks,  and  nerves  have  been  traced  to 
die  tubes ;  but  the  exact  manner  in  which  these  end  is  not  as  yet 
bown. 

Though  present  in  all  regions  of  the  skin  (of  man),  the  sweat- 
Jands  are  unequally  distributed,  being  more  abundant  in  some 
^ons,  such  as  the  palms  of  the  hand^  than  in  others.  In  the 
Killa  are  glands  of  very  large  size,  and  in  these  the  ducts  possess 
iatinctly  muscular  coats. 

§  437.  Sebaceous  glands.  These  are  appendages  of  the  hairs. 
'  ludr  is  a  develojsment,  in  the  form  of  a  cylmder,  of  a  cap 
^  corneous  epidermis  surmounting  a  papilla  of  the  dermis  sunk  to 
^Q  bottom  of  a  tubular  pit,  or  involution  of  the  skin,  called  a 
*ir  follicle.  In  the  upper  part  of  the  hair  follicle  the  walls 
insist  of  ordinary  skin  with  all  its  parts,  dermis,  Malpighian  layer 
^d  corneous  laver,  the  latter  as  usual  of  considerable  thickness. 
"-t  some  little  distance  from  the  mouth  of  the  follicle  the  corneous 
^yer  suddenly  ceases,  and  in  the  follicle  below  this  the  epidermis 
J^  Represented  by  the  Malpighian  layer,  now  called  the  outer  root- 
^^th,  and  two  layers  of  peculiar  cells,  forming  the  inner  root- 
'heath,  of  which  the  outer  is  called  Henle's  and  the  inner  Huxley's 
'^yer;  these  may  perhaps  be  considered  as  corresponding  to  the 
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stratum  granulosum  and  lucidum  respectively.  The  dermis  of  the 
wall  of  the  follicle  is  at  the  same  time  developed  into  an  outer 
layer  with  bundles  of  connective  tissue  disposed  chiefly  longitu- 
dmally,  and  an  inner  layer  of  peculiar  nature,  the  arranTOment  of 
which  is  transverse,  and  which  at  least  simulates,  if  it  really  be  not, 
a  muscular  transverse  coat.  Between  this  dermis  of  the  follicle 
and  the  outer  root-sheath  or  Malpighian  layer  is  a  very  conspicuous 
definite  hyaline  basement  membrane,  so  thick  that  it  presents  i^ 
very  easily  recognized  double  contour. 

At  the  bottom  of  the  follicle  the  dermis  of  the  wall  of  tl 
follicle  IB  continuous  with  the  substance  of  the  (dermic)  papill 
while   the    outer  root-sheath    or   Malpighian   layer   which   he 
becomes  extremely  thin,  and  reduced  to  one  or  two  layers, 
reflected  over  the  papilla,  and  there  expands  again  into  a  mass 
cells,  which  like  the  cells  of  the  Malpighian  layer  in  the  rest 
the  skin  multiply,  and  by  their  multiplication  give  rise  to 
corneous  body  of  the  hair.     It  is  said  that  in  those  hairs  wl 

E assess  a  medulla  the  vertically  disposed  lowermost  cells  of 
alpighian  layer  are  at  the  actual  summit  of  the  papilla  contini 
upwaras  in  the  axis  of  the  hair,  as  the  medulla. 

The  layer  of  Henle,  following  the  Malpighian  layer  or  ov^i^ter 
root-sheath  on  which  it  rests,  is  similarly  reflected  and  forms  c^^ver 
the  hair  a  single  layer  of  flat  transparent  imbricated  scales  knci^WQ 
as  the  cuticle  of  the  hair.  Huxley's  layer,  similarly  reflected,  fo^^KTos 
a  similar  layer  of  similar  scales,  but  this  is  considered  as  belonp^^^iy 
to  the  root-sheath  and  is  called  the  cuticle  of  the  root-sheath. 

Just  where  the  corneous  layer    abruptly  leaves  off   in       the 
upper  part  of  the  hair  follicle,  a  sebaceous  gland  opens  into      tlie 
cavity  of  the  follicle  on  each  side  of  the  hair.     Each  gland  con^sists 
of  a  short  rather  wide  duct  which  divides  into  a  cluster  of  serine* 
what  flask-shaped  alveoli.     The  basement  membrane,  both  in.    the 
alveoli  and  in  the  duct,  is  lined  with  a  layer  of  rather  small  eaYncnl 
cells  continuous  with  the  layer  of  perpendicularly  disposed  celb 
which  form  the  innermost  layer  of  the  outer  root-sheath  as  of  the 
Malpighian  layer  of  the  skin  generally.   This  layer  of  cells  leaves  b 
wide  lumen  both  in  the  alveoli  and  in  the  duct;  this  lumen, 
however,  is  occupied  not  as  in  other  glands  with  fluid,  but  with 
cells.     Both  alveoli  and  duct  in  fact  are  filled  with  rounded  or 
polygonal  cells  which  may  be  regarded  as  modified  cells  of  the 
Malpighian  layer.     The  whole  gland  indeed  is  a  solid  diverticuhiO 
of  the  Malpighian  layer. 

In  the  alveoli  the  cells  next  to  the  layer  of  cells  immediatelj^ 
lining  the  basement  membrane,  though  lai^er  than  these,  resemble?^ 
them  in  so  far  that  each  consists  of  ordinary  cell-substance  sur- 
rounding a  nucleus  of  ordinary  character.  The  more  central  cells 
are  diflFerent ;  their  cell-substance  is  undergoing  change,  numerous 
granules  or  droplets,  some  of  them  obviously  of  a  fatty  nature,  make 
their  appearance  in  them,  and  the  nuclei  are  becoming  shrunk 
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and  altered.  The  cells  are  manufacturing  fatty  and  other  bodies 
and  depositing  the  products  in  their  own  substance,  which  however 
is  not  being  renewed  but  is  dying.  These  changes  are  still  more 
obvious  in  the  cells  lying  within  the  duct ;  the  cells  as  indicated 
by  the  breaking  up  of  the  nuclei  are  dead,  and  the  whole  of  the 
cell-substance  has  been  transformed  into  the  material  constituting 
the  secretion  of  the  gland,  called  sebum,  which  is  discharged  on  to 
the  surface  of  the  skin  through  the  mouth  of  the  hair  follicle. 

In  these  sebaceous  gland  secretion,  if  we  may  continue  to  use 
the  word,  takes  place  after  a  fashion  different  from  that  which  we 
have  hitherto  studied.  In  an  ordinary  gland  the  cells  lining  the 
ivalls  of  the  alveoli  manufacture  material  which  they  discharge 
fix>in  themselves  into  the  lumen  to  form  the  secretion,  their  own 
substance  being  at  the  same  time  renewed  so  that  the  same  cell 
may  continue  to  manufacture  and  discharge  the  secretion  for  a 
Tery  prolonged  period  without  being  itself  destroyed.  In  a  se- 
"baceous  gland  tne  work  of  the  cells  immediately  lining  the  wall 
of  an  alveolus  appears  limited  to  the  task  of  inoreafiing  by  multi- 
plication. Of  the  new  cells  thus  formed  while  some  remain  to 
continue  the  lining  and  to  carry  on  the  work  of  their  predecessors, 
the  rest  thrust  towards  the  centre  of  the  alveolus  are  bodily  trans- 
formed into  the  material  of  the  secretion,  and  during  the  trans- 
formation are  pushed  out  through  the  duct  by  the  generation  of 
new  cells  behmd  them.  The  secretion  of  sebum  in  fact  is  a 
modification  of  the  particular  kind  of  secretion  taking  place  all 
over  the  skin,  and  spoken  of  as  shedding  of  the  skin.  It  is  chiefly 
the  chemical  transrormation  which  is  different  in  the  two  cases. 
In  the  skin  generally  the  protoplasmic  cell-substance  of  the 
Malpighian  cells  is  transformed  into  keratin,  in  the  sebaceous 
glands  it  is  transformed  into  the  fatty  and  other  constituents  of 
the  sebum.  Some  perhaps  may  hesitate  to  apply  the  word 
secretion  to  such  a  process  as  this ;  but  as  we  shall  see  later  on, 
the  formation  of  milk,  which  certainly  deserves  to  be  called  a 
secretion,  is  a  process  intermediate  between  the  secretion  of  saliva 
and  gastric  juice  and  the  formation  of  sebum. 

The  so-called  'ceruminous'  glands  of  the  external  meatus  of 
the  ear  are  essentially  sweat-glands.  They  are  wrongly  named, 
since  the  fatty  material  spoken  of  as  '  wax '  of  the  ear  is  secreted 
not  by  them  out  by  the  sebaceous  glands  belonging  to  the  hairs 
of  the  meatus,  or  by  the  general  epidermic  lining.  The  ceru- 
minous  glands  appear  at  most  to  supply  the  pigment  which 
colours  the  '  wax.' 

The  Meibomian  glands  of  the  eyelids,  on  the  other  hand,  are 
fifientially  the  sebaceous  glands  of  the  eyelashes,  the  glands  of 
Mohl  being  in  turn  sweat-glands. 


SEC.  6.   THE  NATURE  AND  AMOUNT  OF  PERSPIRATICZIDN. 


§  438.  The  quantity  of  matter  which  leaves  the  human  hcrrpdy 
by  way  of  the  skin  is  very  considerable.  Thus  it  has  been  estima.  ^Sed 
that  while  '5  gram  passes  away  through  the  lungs  per  minute  ,^  as 
much  as  '8  gram  passes  through  the  skin.  The  amount,  howe'^t^er, 
varies  extremely;  it  has  been  calculated,  from  data  gained  by 
enclosing  the  arm  in  a  caoutchouc  bag,  that  the  total  amoun^d^  of 
perspiration  from  the  whole  body  in  24  hours  might  range  fiKr^m 
2  to  20  kilos ;  but  such  a  mode  of  calculation  is  obviously  opesra  to 
many  sources  of  error. 

Of  the  whole  amount  thus  discharged,  part  passes  awa]^  at 
once  as  watery  vapour  mixed  with  volatile  matters,  while  part  wDtiaj 
remain  for  a  time  as  a  fluid  on  the  skin ;  the  former  is  finequeiQtIy 
spoken  of  as  insensible,  the  latter  as  sensible  perspiration  or  si^eat 
The  proportion  of  the  insensible  to  the  sensible  perspiration     ynll 
depend  on  the  rapidity  of  the  secretion  in  reference  to  the  dryness; 
temperature  and  amount  of  movement  of  the  surrounding  atmo- 
sphere.    Thus,  supposing  the  rate  of  secretion  to  remain  constsnt, 
the  drier  and  hotter  the  air,  and  the  more  rapidly  the  strata  of  air 
in  contact  with  the  body  are  renewed,  the  greater  is  the  amount  of 
sensible  perspiration  which  is  by  evaporation  converted  into  the 
insensible  condition;  and  conversely  when  the  air  is  cool,  moist,  and 
stagnant,  a  large  amount  of  the  total  perspiration  may  remain  od 
the  skin  as  sensible  sweat.     Since,  as  the  name  implies,  we  are 
ourselves  aware   of  the  sensible  perspiration   only,  it  may  and 
frequently  does  happen  that  we  seem  to  ourselves  to  be  perspiring 
largely,  when  in  reality  it  is  not  so  much  the  total  perspiration 
which  is  being  increased  as  the  relative  proportion  of  the  sensible 
perspiration.     The  rate  of  secretion  may,  however,  be  so  much 
increased,  that  no  amount  of  dryness,  or  heat,  or  movement  of  the 
atmosphere,  is  sufiicient  to  carry  out  the  necessary  evaporation,  and 
thus  tne  sensible  perspiration  may  become  abundant  m  a  hot,  dry 
air.     And  practically  this  is  the  usual  occurrence,  since  certainly 
a  high  temperature  conduces,  as  we  shall  point  out  presently,  to  an 
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^^srease  of  the  secretion,  and  it  is  possible  that  mere  dr3niess  of  the 
^ii'  has  a  similar  eflfect. 

The  amount  of  perspiration  given  off  is  affected  not  only  by  the 
^^dition  of  the  atmosphere,  but  also  by  the  circumstances  of  the 
l)ody.  Thus  it  is  influenced  by  the  nature  and  quantity  of  food 
eaten,  by  the  amount  of  fluid  drunk,  by  the  character  of  exercise 
taken,  by  the  relative  activity  of  the  other  excreting  organs,  more 
particularly  of  the  kidney,  by  mental  conditions  and  the  like. 
Variations  may  also  be  induced  by  drugs  and  by  diseased  conditions. 
How  these  various  influences  produce  their  effects  we  shall  study 
immediately. 

The  fluid  perspiration,  or  sweat,  when  collected,  is  found  to  be 
a  clear  colourless  fluid  of  a  distinctly  salt  taste,  with  a  strong  and 
distinctive  odour  varying  according  to  the  part  of  the  body  from 
which  it  is  taken.  Besides  accidental  epidermic  scales,  it  contains 
no  structural  elements. 

Sweat,  as  a  whole,  is  furnished  partly  by  the  sweat-glands  and 
partly  by  the  sebaceous  glands,  for  as  we  shall  see  the  small  amount 
which  smiply  transudes  through  the  epidermis,  apart  from  the 
glands,  may  be  neglected  Now  the  secretions  from  these  two  kinds 
of  glands  differ  widely  in  nature,  and  the  characters  of  the  sweat  as 
a  whole  will  vary  according  to  the  relative  proportion  of  the  two 
kinds  of  secretion.  The  secretion  of  the  sebaceous  glands  appears 
to  be  fiedrly  constant,  the  larger  variations  of  the  total  sweat 
depending  chiefly  on  the  varying  activity  of  the  sweat-glands. 
Hence  when  sweat  is  scanty,  the  constituents  of  the  sebum 
influence  largely  the  characters  of  the  sweat;  when  on  the 
contrary  the  sweat  is  very  abundant,  these  may  be  disregarded 
and  the  sweat  may  be  considered  as  the  product  of  the  sweat- 
glanda 

We  are  not  able,  at  present,  to  make  a  complete  statement  as 
to  what  bodies  occur  exclusively  in  the  sebum  and  what  in  the 
secretion  of  the  sweat-glands.  The  former  consists  very  largely  of 
fisits  and  fiitty  acids,  and  appears  to  contain  some  form  or  forms  of 
proteids;  but  we  have  reason  to  think  that  the  sweat-glands 
secrete  in  small  quantity  some  forms  of  fat,  and  especially  volatile 
Cftttyacids. 

When  sweat  is  scanty,  the  reaction  is  generally  acid,  but  when 
abundant,  is  alkaline;  and  when  a  portion  of  the  skin  is  well  washed 
the  sweat  which  is  collected  immediately  afterwards  is  usually 
alkaline.  From  this  we  may  infer  that  the  secretion  of  the  sweat- 
glands  is  naturally  alkaline,  but  that  when  mixed  sweat  is  acid,  the 
acidity  is  due  to  fatty  (or  other)  acids  of  the  sebum.  In  the  horse, 
which  is  singular  among  hair-covered  animals  for  its  frequent 
Iffofuse  sweating,  the  sweat  is  said  to  be  always  acid,  and  to 
contain  a  considerable  quantity  of  some  form  of  proteid.  These 
features  are  probably  due  to  the  large  admixture  of  sebum  from 
the  numerous  sebaceous  glands  connected  with  the  hairs. 
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Taking  ordinary  sweat,  such  as  may  be  obtained  by  enclosing 
the  arm  in  a  bag,  we  may  say  that,  in  man,  the  average  amount  of 
solids  is  from  1  to  2  p.  c,  of  which  about  two-thirds  consist  of 
organic  substances.  The  chief  normal  constituents  are :  (1)  Sodium 
chloride,  with  small  quantities  of  other  inorganic  salts.  (2)  Various 
acids  of  the  fatty  series,  such  as  formic,  acetic,  butyric,  with 
probably  propionic,  caproic,  and  caprylic.  The  presence  of  these 
latter  is  inferred  from  the  odour ;  it  is  probable  that  many  various 
volatile  acids  are  present  in  small  quantities.  Lactic  acid,  which 
has  been  reckoned  as  a  normal  constituent,  is  stated  not  to  be 
present  in  health.  (3)  Neutral  fats,  and  cholesterin;  these  have 
been  detected  even  in  places,  such  as  the  palms  of  the  hand,  w^here 
sebaceous  glands  are  absent.  (4)  The  evidence  goes  to  shew  that 
neither  urea  nor  any  ammonia  compound  exists  in  the  normal 
secretion  to  any  extent,  though  some  observers  have  found  a  con- 
siderable quantity  of  urea  (calculated  at  10  grms.  in  the  24  hours 
for  the  whole  body).  Apparently  some  small  amount  of  nitrogen 
leaves  the  body  by  the  skin  as  a  whole,  but  this  is  probably 
supplied  by  the  sebum  or  by  the  epidermis. 

In  various  forms  of  disease  the  sweat  has  been  found  to  contain, 
sometimes  in  considerable  quantities,  blood,  albumin,  urea  (par- 
ticularly in  cholera),  uric  acid,  calcium  oxalate,  sugar  (in  diabetic 
patients),  lactic  acid,  indigo  (or  indigo-yielding  booies  giving  rise 
to  '  blue '  sweat),  bile  and  other  pigments.  Iodine  and  potassium 
iodide,  succinic,  tartaric,  and  benzoic  (partly  as  hippuric)  acids 
have  been  found  in  the  sweat  when  taken  internally  as  medicines. 

Cvtaneous  Respiration. 

§  439.  A  frog,  whose  lungs  have  been  removed,  will  continue 
to  five  for  some  time ;  and  during  that  period  will  continue 
not  only  to  produce  carbonic  acid,  but  also  to  consume  oxygen. 
In  other  words,  the  frog  is  able  to  breathe  without  lungs,  respi- 
ration being  carried  on  efficiently  by  means  of  the  skin.  In 
mammals  and  in  man  this  cutaneous  respiration  is,  by  reason  of 
the  thickness  of  the  epidermis,  restricted  to  within  very  narrow 
limits;  and  indeed  it  has  been  questioned  whether  it  can  be 
spoken  of  at  all  as  a  true  respiration.  When  the  body  remains 
for  some  time  in  a  closed  chamber  to  which  the  air  passing  in 
and  out  of  the  lungs  has  no  access  (as  when  the  body  is  enclosed 
in  a  large  air-tight  bag  fitting  tightly  round  the  neck,  or  where  a 
tube  in  the  trachea  carries  air  to  and  fi*om  the  lun^  of  an  animal 

f)Iaced  in  an  air-tight  box),  it  is  found  that  the  air  m  the  chamber 
OSes  oxygen  and  gains  carbonic  acid.  The  amount  of  carbonic 
acid  which  is  thus  thrown  oflF  by  the  skin  of  an  average  man  in 
24  hours  amounts  to  about  10  grms.,  or  according  to  some  observers 
to  (no  more  than)  about  4  grms.,  increasing  with  a  rise  of  tempe- 
rature, and  being  very  markedly  augmented  by  bodily  exercise. 


Chap,  iil]      ELIMINATION  OF  WASTE  PRODUCTS.         697 

It  is  stated  that  the  amount  of  ox;|^^n  consumed  is  about  equal  in 
volume  to  that  of  the  carbonic  acia  given  off,  but  some  observers 
make  it  rather  less.  It  may  be  doubted,  however,  whether  the 
carbonic  acid  comes  direct  from  the  blood ;  it  may  come  from  de- 
compositions taking  place  in  the  sweat,  of  carbonates  for  instance. 
Similarly  the  oxygen  which  disappears  may  be  simply  used  in 
oxidizing  some  of  the  constituents  of  the  sweat.  It  is  evident 
that  the  loss  which  the  body  suffers  through  the  skin  consists, 
besides  a  small  quantity  of  sodium  chloride,  chiefly  of  water. 

When  an  ammal,  a  rabbit  for  instance,  is  covered  over  with  an 
impermeable  varnish  such  as  gelatine,  so  that  all  exit  or  entrance 
of  eases  or  liquids  by  the  skin  is  prevented,  death  shortly  ensues. 
This  result  cannot  be  due,  as  was  once  thought,  to  arrest  of 
cutaneous  respiration,  seeing  how  insignificant  and  doubtful  is  the 
saseous  interchange  by  the  skin  as  compared  with  that  by  the 
hinga     Nor  are  the  symptoms  at  all  those  of  asphyxia,  but  rather 
of  some  kind  of  poisoning,   marked  by  a  very  great   fall   of 
temperature,    which  however  seems    to   be   the  result    not    of 
diminished  production  of  heat,  but  of  an  increase  of  the  discharge 
of  heat  from  the  surfisbce.     The  animal  may  be  restored,  or  at 
all  events  its  life  may  be  prolonged   with  abatement  of   the 
symptoms,  if  the  great  loss  of  heat  which  is  evidently  takine 
place  be  prevented  by  covering  the  body  thickly  with  cotton  wool, 
or  keeping  it  in  a  warm  atmosphere.    The  symptoms  have  not  as 
yet  b^n  clearly  analysed,  but  they  seem  to  be  due  in  part  to  a 
ppexia  or  fever  possibly  caused  by  the  retention  within  or  re- 
Absorption  into  the  blood  of  some  of  the  constituents  of  the  sweat, 
^  by  the  products  of  some  abnormal  metabolism,  and  in  part 
^  a  dilation  of  the  cutaneous  vessels  caused  by  the  application  of 
^^amish ;  owing  to  the  dilated  condition  of  the  cutaneous  vessels 
the  loss  of  heat  through  the  skin  is  abnormally  large,  even  though 
tJ^e  varnish  may  not  be  a  good  conductor. 

§  440.  Almrption  by  the  skin.  Although  under  normal  circum- 
^^nces  the  skin  serves  only  as  a  channel  of  loss  to  the  body,  it  has 
*^^en  maintained  that  it  may,  under  particular  circumstances,  be  a 
^^ans  of  gain ;  and  the  little  which  we  have  to  say  on  this  matter 
*^^y  perhaps  be  said  here.  Cases  are  on  record  where  bodies  are 
^^O  to  have  gained  in  weight  by  immersion  in  a  bath,  or  by 
^^posure  to  a  moist  atmosphere  during  a  given  period,  in  whicn 
^o  food  or  drink  was  taken,  or  to  have  gained  more  than  the 
^^ight  of  the  food  or  drink  taken ;  the  gain  in  such  cases  must 
*^ve  been  due  to  the  absorption  of  water  by  the  skin.  Direct 
^^periments,  however,  throw  doubt  on  these  statements,  for  they 
^J^^w  that  under  ordinary  circumstances  such  a  gain  by  the  skin  is 
^*ight,  being  apparently  due  to  mere  imbibition  of  water  by  the 
^Pper  layers  of  tne  epidermis. 

Absorption  of  various  substances  takes  place  very  readily  by 
^oraded  surfaces  where  the  dermis  is  laid  bare  or  covered  only  by 
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the  lowest  layers  of  epidermis,  but  it  has  been  debated  whethei 
substances  in  aqueous  solution  can  be  absorbed  by  the  skin  whei 
the  epidermis  is  intact,  the  evidence  on  this  point  being  cont] 
dictory.     In  the  case  of  the   skin   of  the  frog  an  absorption 
water  and   of  various  soluble  substances  certainly  takes 
In  the  case  of  the  sound  human  skin  there  are  no  d  priori  reason^rms 
why  water  carrying  substances  dissolved  in  it  should  not 
inwards  through  the  corneous  as  well  as  the  other  layers  of  t] 

epidermis,  the  amount  so  passing  depending,  among  other  thinj ^ 

upon  the  condition  of  the  skin ;  and  common  experience  seems  t^  to 
shew  that  it  does.  Nevertheless  the  results  of  actual  experimeK-^^nt 
are  conflictiug.  Some  observers  maintain  that  soluble  non-volatifw^tile 
substances  are  not  absorbed,  and  that  volatile  substances  such  as 

iodine  which  maybe  detected  in  the  system  after  a  bath  containiKL^fing 
them  are  absorbed  not  by  the  skin  but  by  the  mucous  membnu^^Bane 
of  the  respiratory  organs,  the  substance  making  its  way  to  UizM^  the 
latter  by  volatilisation  from  the  surfiEice  of  the  bath.    Others  agfc=K.  ^ain 
have  found  evidence  of  absorption,  especially  with  volatile  sui-^ub- 
stances,  even  when  care  has  been  taken  to  avoid  all  errors ;  ii  ^    iiuj 
the  greater  weight  may  perhaps  be  given  to  these   since  tfar^Bey 
accord  with  common  experienca     The  conflict  of  experimen.^E3tal 
results,  however,  at  least  shews  that  we  do  not  fiilly  ui 
the  conditions  under  which  such  absorption  takes  place. 

There  is  moreover  evidence  that  even  solid  particles  can 
through  an  intact  skin.     The  lymphatics  in  the  skin  of  a  newb-       orn 
in£a.nt  have  been  found  crowded  with  the  particles  of  the  pecu    .  liar 
fattv  secretion  which  covers  the  skin  at  burth  ;  and  solid  parti^d^/es 
rubbed  into  even  the  sound  skin  may,  especially  when  appliecK.  id 
a  fatty  vehicle,  as  e^.  ^.  in  the  well-known  meicuiy-ointm^^snf, 
find  their  way  into  the  underlying  lymphatics.     The  wandeK-ibg 
leucocytes  which  are  at  times  found  among  the  epidermic  cecils 
may  perhaps  take  part  in  this  transport. 


\ 


SEC.  7.     THE   MECHANISM   OF  THE  SECRETION  OF 

SWEAT. 

§  441.     In  dealing  with  the  manner  in  which  various  circum- 
stances affect  the  amount  of  sweat  secreted  we  may,  as  we  have 
ahready  said,  consider  the  sweat  as  a  whole  to  be  supplied  by  the 
sweat-glands  alone.     For  though   it  seems   evident    that    some 
amount  of  fluid  must  pass  by  simple  transudation  through  the 
ordinary  epidermis  of  the  portions  of  skin  intervening  between 
the  mouths  of  the  glands,  yet  on  the  whole  it  is  probable  that  the 
portion   which   so  passes  is  a  small  fraction   only  of  the  total 
quantity  secreted  by  the  skin ;  and  direct  experiment  shews  that 
even  the  simple  evaporation  of  water  is  much  greater  from  those 
parts  of  the  skin  in  which  the  glands  are  abundant  than  from 
those  in  which  they  are  scanty.     We  have  as  yet  no  evidence 
that  the  sebaceous  glands  vary  in  activity;  their  very  peculiar 
form  of  secretion,  if  we  may  speak  of  it  as  a  secretion,  is  not  adapted 
to  sudden  changes,  and  at  all  events  we  have  as  yet  no  evidence 
that   circumstances  rapidly  and  largely  modify  the  amount  of 
aebum  discharged  by  healthy  sebaceous  glanda 

The  secretmg  activity  of  the  skin,  like  that  of  the  other  glands, 
is  usually  accompanied  and  aided  by  vascular  dilation.  In  one  of 
the  early  experiments  on  division  of  the  cervical  sympathetic,  it 
'Vras  observed  that  in  the  case  of  the  horse,  the  vascular  dilation  of 
t;he  fsxie  on  the  side  operated  on  was  accompanied  by  increased 
j>erspiration.  Indeed  tne  connection  between  the  state  of  the 
c^utaneous  blood  vessels  and  the  amount  of  perspiration  is  a  matter 
c^f  daily  observation.  When  the  vessels  of  tne  skin  are  constricted, 
t;he  secretion  of  the  skin  is  diminished ;  when  they  are  dilated,  it 
V>ecomes  abundant.  In  this  way,  as  we  shall  later  on  point  out, 
tJie  temperature  of  the  body  is  largely  regulated.  When  the 
^urroundmg  atmosphere  is  warm,  the  cutaneous  vessels  are  dilated, 
t;he  amount  of  sweat  secreted  is  increased,  and  the  consequently 
augmented  evaporation  tends  to  cool  down  the  body.  On  the 
other  hand,  when  the  atmosphere  is  cold,  the  cutaneous  vessels 
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are  constricted,  perspiration  is  scanty,  and  less  heat  is  lost  to  the 
body  by  evaporation. 

The  analogy  with  the  other  secreting  organs  which  we  have 
already  studied  leads  ns,  however,  to  infer  that  there  are  special 
nerves  directly  governing  the  activity  of  the  sudoriparous  glands, 
independent  of  variations  in  the  vascular  supply.  And  not  only 
is  this  view  suggested  by  many  facts,  such  as  the  profuse  perspira- 
tion of  the  death  agony,  of  various  crises  of  disease,  and  of  certain 
mental  emotions,  and  the  cold  sweats  occurring  in  phthisis  and 
other  maladies,  in  all  of  which  the  skin  is  anaemic  rather  than 
hyperaemic,  but  we  have  direct  experimental  evidence  of  a 
nervous  mechanism  of  perspiration  as  complete  as  the  vasomotor 
mechanism. 

If  in  the  cat*  the  peripheral  stiunp  of  the  divided  sciatic  nerve 
be  stimulated  with  the  interrupted  current,  drops  of  sweat  may 
readily  be  observed  to  gather  on  the  hairless  sole  of  the  foot  of 
that  side.  The  sweating  is  not  due  to  any  increase  of  blood-supply, 
for  it  may  be  observed  when  the  cutaneous  veasels  are  thrown  into 
a  state  of  constriction  by  the  stimulus,  or  even  when  the  aorta  or 
crural  artery  is  clamped  previous  to  the  stimulation,  and  indeed 
may  be  obtained  by  stimulating  the  sciatic  nerve  of  a  recently 
amputated  leg.  Moreover  when  atropin  has  been  injected,  the 
stimulation  produces  no  sweat,  though  vaso-motor  effects  follow  as 
usual  The  analogy  between  the  sweat-glands  of  the  foot  and 
such  a  gland  as  the  submaxillaiy  is  in  tact  very  close,  and  we  are 
justifiea  in  speaking  of  the  sciatic  nerve  as  containing  secretoiy 
fibres  distributed  to  the  sudoriparous  glands  of  the  foot.  Similar 
results  may  be  obtained  with  the  nerves  of  the  fore  limb.  And 
in  ourselves  a  copious  secretion  of  sweat  may  be  induced  by  teta- 
nizing  through  the  skin  the  nerves  of  the  limbs  or  the  face. 

If  a  cat  in  which  the  sciatic  nerve  has  been  divided  on  one  side 
be  exposed  to  a  high  temperature  in  a  heated  chamber,  the  limb 
the  nerve  of  which  has  been  divided  remains  dry,  while  the  feet  of 
the  other  limbs  sweat  freely.  This  result  shews  that  the  sweating 
which  is  caused  by  exposure  of  th^  body  to  high  temperatures  id 
brought  about  by  the  agency  of  the  central  nervous  system,  and 
not  by  a  local  action  on  tne  sweat-glands ;  for  the  foot  of  the  limb 
whose  nerve  has  been  divided  is  ec^ually  exposed  to  the  high 
temperature.  A  high  temperature  it  is  true  up  to  a  certain  limit 
increases  the  irritability  of  the  epithelium  of  the  sweat-glands  and 
predisposes  it  to  secrete,  just  as  it  promotes  action  in  the  case  of  a 
muscle  or  nerve  or  other  forms  of  living  substance.  Thus  stimu- 
lation of  the  sciatic  in  the  cat  produces  a  much  more  abundant 

*  The  cat  sweats  freely  in  the  hairless  soles  of  the  feet  bot  Dot  on  any  part 
of  the  body  covered  with  hairs.  The  dog  also  sweats  in  the  same  regions  bat 
not  so  freely  as  the  cat ;  indeed  sweating  is  often  absent,  the  ducts  being  stopped 
by  growth  of  the  corneous  epidermis.  Babbits  and  other  rodents  appear  not  to 
sweat  at  all.  The  anont  of  the  pig  sweats  freely ;  and  the  often  profose  sweating 
of  the  horse,  a  singular  event  among  hair-ooveied  animals,  is  known  to  aU. 


Chap,  hi.]      ELIMINATION   OF  WASTE  PRODUCTS.         701 

secretion  in  a  limb  exposed  to  a  temperature  of  35®  or  somewhat 
above,  than  in  one  which  has  been  exposed  to  a  distinctly  lower 
temperature,  and  in  a  limb  which  has  been  placed  in  ice-cold 
water  hardly  any  secretion  at  all  can  be  gained ;  but  apparently 
mere  rise  of  temperature  without  nerve-stimulation  will  not  give 
rise  to  a  secretory  activity  of  the  glands.  The  sweating  caused 
by  a  djrspnceic  condition  of  blood,  and  such  appears  to  be  the 
sweat  of  the  death  agony,  is  similarly  brought  about  by  the 
agency  of  the  central  nervous  system.  When  an  animal  with  the 
sciatic  nerve  divided  on  one  side  is  made  dyspnoeic,  no  sweat 
appears  in  the  hind  limb  of  that  side,  though  abundance  is  seen  in 
the  other  feet. 

Sweating  may  be  brought  about  as  a  reflex  act.  Thus  when 
the  central  stump  of  the  oSvided  sciatic  is  stimulated  sweating  is 
induced  in  the  other  limbs,  and  in  ourselves  the  introduction 
of  pungent  substances  into  the  mouth  will  frequently  give  rise  to  a 
copious  perspiration  over  the  side  of  the  face.  We  are  thus  led  to 
vpeak  of  sweat  centres,  analogous  to  the  vaso-motor  centres,  as 
existing  in  the  central  nervous  system ;  and  as  in  the  case  of  vaso- 
motor centres,  a  dispute  has  arisen  as  to  whether  there  is  a 
dominant  sweat  centre  in  the  medulla  oblongata  or  whether  such 
Centres  are  more  generally  distributed  over  the  whole  of  the  spinal 
coid. 

It  does  not  at  present  appear  certain  whether  the  sweating 

caused  by  heat  is  carried  out  by  direct  action  of  the  heated  blood 

on  the  sweat  centres,  or  by  the  higher  temperature  stimulating 

tiie  skin  and  so  sending  up  afferent  impulses  which  produce  the 

efiect  in  a  reflex  manner ;  but  in  the  case  of  dyspnoea  at  least 

3  may  fairly  suppose   that   the   action  of  the  venous  blood  is 

ftiiefly  if  not  exclusively  on  the  nerve  centres.     Some  drugs,  such 

js  pilocarpin,  which  cause  sweating,  appear  to  produce  their  effect 

ofaiefly  by  a  local  action  on  the  glands,  since  the  action  continues 

^  ir  the  division  of  the  nerves  (though  pilocarpin  apparently  has 

well  some  slight  action  on  the  nerve  centres),  and  the  antagon- 

:ic  action  of  atropin  is  similarly  local.     Picrotoxin  and  strychnia 

•"ppear  to  produce  their  sweating  action  chiefly  if  not  exclusively 

acting  on  the  central  nervous  system,  while  nicotin  seems  U) 

■t  both  centrally  and  peripherally. 

§  442.     The  sweat-fibres  for  the  hind  foot  (in  the  cat)  appear 

^  leave  the  spinal  cord  by  the  roots  of  the  lower  dorsal  and  upptT 

^^inbar  nerves,  pass  along  the  rami  commanicantes  to  the  abdominal 

®«y^pathetic,  and  thus  reach  the  sciatic  nerve.     They  thus  follow 

T'^^y^  much  the  course  of  the  vaso-constrictor  fibres  of  the  lower 

M'^  b ;  but  the  particular  spinal  nerves  by  which  the  sweat-fibres 

*^^U^  from   the   cord  have   not  yet   been   definitely  settled,  and 

^^^^ibly  they  are  in  the  dog  and  cat  the  last  two  or  the  last  three 

"^i'^al  and  nrst  two  or  four  lumbar  nerves.     Similarly  the  sweat- 

^       'es  for   the   fore-foot  leave   the   spinal   cord  by  the  roots  of 
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some  of  the  upper  (cMefly  the  fourth,  but  possibly  also  th^^^ 
fifth,  and  sixth)  dorsal  nerves,  pass  into  the  thoracic  svmpathetic::^^^ 
thence  into  the  ganglion  stellatum,  and  so  join  the  brachial  plexu^^^. 
by  the  fine  branches  passing  fix)m  the  ganglion  to  the  spin^^^^ 
nervea  The  course  to  the  fore-foot  is  finally  along  the  media 
and  ulnar  nerves  respectively.  In  the  horse  the  sweat-fibres  ft 
the  side  of  &ce  and  in  the  pig  those  for  the  snout  appear  to 
in  branches  of  the  fifth  nerve  and  not  in  the  £BM;ial ;  in  the  latl 
animal  at  least  some  of  these  fibres  reach  the  fifth  nerve  fix>m  t] 
cervical  sympathetic,  but  apparently  not  alL 

§443.     The  huct  mentioned  above  that  in  the   horse, 
section  of  the  cervical  sympathetic  nerve  on  one  side  of  the  n< 
profuse  sweating  is  apt  to  break  out  on  that  side  of  the  face, 
suggested  the  iaea  that  this  nerve  conveys  inhibitoiy  iinpnlnrn_^ii  to 
the  sweat-glands  of  the  head  and  &ce,  and  that  when  it  is  divic^    ^led 
the  sweat-fibres  running  in  the  fifth  nerve,  havin£f  nothing  to 

counteract  them,  set  up  sweating.  But  it  is  probably  sufficii^-^ent 
in  this  case  to  suppose  that  the  glands  predisposed  to  activity  ^^  by 
the  higher  temperature  brought  about  by  the  section  of  ~  the 
sympathetic  dilating  the  blood  vessels,  are  more  easily  excited  by 

any  stimulus  working  upon  them  through  the  fifth  nerve.     J^=bid 

though  the  idea  of  a  double  nervous  mechanism,  augment ing 

and  inhibitory,  governing  the  activity  of  the  sweat-glands,  ^^ks  a 
tempting  one,  there  are  at  present  no  satisfisurtory  reasons  tor 
adopting  it 


CHAPTER  IV. 


THE  METABOLIC  PROCESSES  OF  THE  BODY. 


§  444     We  have  followed  the  food  through  its  changes  in  the 

<Uimentaiy  canal,  and  have  seen  it  enter  into   the   blood,  either 

directly  or  by  the   intermediate  channel  of  the  lacteals,  in  the 

form  of  peptone  (or  otherwise   modified   albumin),  sugar  (lactic 

Qcdd),  and  fats,  accompanied  by  various  salts  and  water.     We  have 

ftirther  seen  that  the  waste  products  which  leave  the  body  are 

urea,  carbonic  acid,  salts  and  water.     We  have  now  to  attempt  to 

connect  together  the  food  and  the  waste  products ;  to  trace  out  as 

fer  as  we  are  able  the  various  steps  by  which  the  one  is  trans- 

fonned  into  the  other.     There  remains  the  further  task  to  inquire 

ir^to  the  manner  in  which  the  energy  set  free  in  this  transforma- 

t^xon  is  distributed  and  made  use  of. 

The  master  tissues  of  the  body  are  the  muscular  and  nervous 
tiisBues ;  all  the  other  tissues  may  be  regarded  as  the  servants  of 
tilxese.     And  we  may  fairly  presume  that,  besides  the  digestive  and 
excretory  tissues  which  we  have  already  studied,  many  parts  of  the 
l>ody  are  engaged  either  in  further  elaborating  the  comparatively 
X'3.^  food  which  enters  the  blood,  in  order  that  it  may  be  assimi- 
lated with  the  least  possible  labour  by  the  master  tissues,  or  in 
®o  modifying  the  waste  products  which  arise  from  the  activity  of 
the  master  tissues  that  they  may  be  removed  from  the  body  as 
speedily  as  possible.     There  can  be  no  doubt  that  manifold  inter- 
'^ediate  changes  of  this  kind  do  take  place  in  the  body ;  but  our 
f^nowledge  of  the  matter  is  at  present  venr  imperfect.     In  a  few 
^'fstances  only  can  we  localize  these  metabolic  actions  and  speak  of 
^tinct  metabolic  tissuea     In  the  majority  of  cases  we  can  only 
trace  out  or  infer  chemical  changes,  without   being  able  to  say 
'^^^fe   than   that  they  do  take  place  somewhere;  and  in  conse- 
S^erxce,  perhaps  somewhat  loosely,  speak  of  them  as  taking  place 
^^  the  blood. 
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How  little  we  know  concerning  the  metabolism  of  the  masi 

tissues  themselves  was  shewn  when  we  were  dealing  with  th<       

tissues  in  an  earlier  part  of  this  work ;  but  success  in  the  study        q/* 
these  can  hardly  be  expected  until  our  knowledge  is  increased        ^ 
regards  the  changes  which  the  blood  undergoes  before  it  reacl^^es 
and  alter  it  leaves  the  muscle  or  the  nerve.     The  fact  that  a  lar-^r:::*ge 
part  of  the  absorbed  food  is  carried  through  the  liver  before  it^at  is 
thrown  on  the  general  circulation  leads  us  to  suppose  that  in  t^^i^^hiB 
large  or^n  important  metaboHc  processes  are  carried  on ;  ^^md 
observation  witn   experiment  confmns  this  view.     Important        ,  as 
the  secretion  of  bile  mav  be  the  other  metabolic  functions  of  the 

liver  are  of  still  greater  importance ;  and  preparatory  to  the  st*^  «-i3udy 
of  these  we  may  now  take  up  the  structure  of  this  organ. 


iEC.    1.     THE  STRUCTURE  OF  THE  LIVER. 


•.  The  liver  is  a  gland,  the  conducting  portion  of  which, 
luct  or  ^all-duct,  after  repeated  division  ends  in  passages 
r  secreting  structures;  but  the  comparatively  simple 
lent  seen  in  other  glands  in  which  the  terminal  ducts  or 
end  in  blind,  tubular  or  flask  shaped  alveoli  is,  in  the 
Kiified  and  to  a  certain  extent  obscured.  These  modi- 
may  be  ascribed  on  the  one  hand  to  the  fact  that  the 
ch  provide  the  secretion,  being  also  engaged  as  we  have 

in  important  metabolic  duties,  are  developed  out  of 
m  to  the  biliary  passages,  and  on  the  other  hand  to  the 
b  the  ordinary  vascular  supply  of  an  artery  (hepatic 
mding  through  capillaries  in  a  vein  (hepatic  vein),  is 
owed  by  the  great  portal  system;  the  great  and  wide 
tsB  divides  into  venous  capillaries,  and  these  are  gathered 

into  the  hepatic  vein,  which  thus  draws  its  main  supply 
from  it  rather  than  from  the  much  smaller  hepatic  artery, 
whole  liver,  invested  with  a  capsule  of  connective  tissue 
ked  out  into  its  several  lobes,  is  divided  by  septa  of  con- 
issue  into  a  number  of  small  primary  units  of  somewhat 
1  form,  called  lobules,  each  being  in  mass  about  the  size 
J  head.  The  distinctness  of  a  lobule  from  its  neighbours 
on  the  relative  abundance  of  the  connective  tissue  which 
;  them ;  and  this  is  much  more  conspicuous  in  some  animals 
the  pig)  than  in  others  (such  as  the  rabbit  or  man), 
large  portal  vein,  the  much  smaller  bile-duct  and  the 
Her  hepatic  artery,  entering  the  liver  together  on  its 
rface  at  the  porta  hepaticUf  or  gate  of  the  liver,  are  in- 
ith  a  considerable  quantity  of  connective  tissue,  carrying 
)hatics  and  nerves,  which  is  continuous  with  the  connective 
vering  of  the  whole  liver  and  is  called  Glisson  s  capsule, 
dividing,  the  divisions  continuing  to  run  together  side  by 
le  beds  of  connective  tissue  into  which  Glisson  s  capsule 
ued,  the  three  vessels  ultimately  reach  the  outsides  of  the 
)bules,  the  septa  of  connective  tissue  defining  the  lobules 
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from    each   other    being  the   terminations   of    Glisson's    capsuS^e 
carrying  the  three  sets  of  vessels.     The  small  branches  of  thz^H^e 
portal  vein  thus  reaching  the  surface  of  the  lobules,  and  runnimi^HiDg 
and  anastomosing  freely  between  the  lobules,  are  spoken  of  as 

interlobular  veins.     Thus  each  lobule  is  provided,  at  diifereut  [iii^     iiM 
of  its  circumference,  with  two,  three  or  more  interlobular  vei»-:_£.ti8. 
accompanied  in  a  manner  which  we  shall  describe  by  divisions      -^  of 
the  bile-duct  and  hepatic  artery,  all  being  embedded  in  a  (variab"^z:^b\e) 
quantity  of  connective  tissue. 

Elach  lobule  at  one  part  of  its  circumference  rests  directly,  wr^v^«rith 
the  intervention  of  hardly  any  connective  tissue  at  all,  uponzMr^z^n  a 
small  vein  which  is  not  part  of  the  portal  vein,  but  which  whj  ^-iirhen 
traced  out  is  found  to  pass  into  and  form  the  hepatic  vein;  it^i  it  ia 
called  a  suhlobvlar  vein.  A  lobule  in  fact,  though  generally  poo^z)oly- 
hedral  as  seen  in  sections  of  the  liver,  may  be  considered  as  somac^ume- 
what  of  the  form  of  a  broad  inverted  flask,  the  neck  of  which  r^^-arrest^ 
directly  on  a  sublobular  branch  of  the  hepatic  vein,  and  upon  '  j  the 
polygonal  body  of  which,  surrounded  by  more  or  less  connects ^z^ctive 
tissue,  abut  at  various  points  interlobular  branches  of  the  por^zi^-ortal 
vein. 

§  446.     The  network   of  interlobular  veins  surrounding 
circumference  of  a  lobule  gives  origin  to  a  number  of  rather  y^ 
capillary  vessels  which  run  in  a  radial  direction  towards  the  mi<" 
of  the   lobule;   these   are   connected   by  cross  capillaries,  wl 
however  are  shorter  and  less  abundant  than  the  radial  capillaic  — ^"es 
so  that  the  mesbes  arc  elongated,  more  or  less  rectangular  sp^ — Hces 
converging  radially  towards  the  centre  of  the  lobule.     TowaiBst/ij^ 
the  middle  of  the  lobule  the  capillaries  merge  into  a  single  ^!=^=^ein^ 
called  an  intralobular  vein,  which,  running  down  the  neck  of      He 
flask,  and  receiving  the  capillaries  of  the  neck  as  it  goes,  "IS/ys 
into  the  sublobular  vein  spoken  of  above. 

The  elongated  meshes  of  this  capillary  network  conver^og 
radially  towards  the  intralobular  vein  at  its   beginning  in  tl^^ 
body  of  the  flask-like  lobule  and  as  it  is  continued  along  the  nec-^ 
of  the  flask,  are  occupied  by  relatively  large  polygonal  nucleatec::^ 
cells,  which  we  shall  presently  describe  in  detail  as  hepatic  celbr^^' 
The  width  of  a  mesh  is  generally  such  as  to  admit  one  or  two^-^ 
cells  abreast,  but  its  length  admits  several  cells;  hence  the  cells  are  ^^ 
arranged  in  narrow  radiating  broken  columns  converging  towards     ^^ 
the  middle  of  the  lobule. 

The  columns  of  cells  and  the  meshwork  of  capillaries  prac-  ^ 
tically  constitute  the  whole  of  the  lobule,  for  besides  a  minimum  of 
connective  tissue  forming  an  adventitia  to  the  capillaries,  certain 
lymphatic  passages  afforded  by  this  adventitia,  and  extremely 
minute  passages  which  form  the  beginnings  of  the  bile-ducts,  and 
of  which  we  shall  speak  later  on,  nothing  else  is  present.  The 
lobule  in  fact  consists  first  of  a  vascular  nramework  of  capillaries 
which,  taking  origin  at  the  surface  of  the  lobule  from  the  inter- 
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)bular  portal  veinlets,  are  disposed  in  a  network  with  meshes 
loneated  in  a  radial  direction,  and  converge  at  the  centre  of  the 
>buTe  to  form  the  intralobular  veinlet  falling  into  the  sublobular 
lepatic)  vein,  and  secondly  of  radiating  columns  of  cells  filling  up 
ie  radiating  meshes  of  this  vascular  network.  Hence  m  a 
K^ion  of  a  hardened  and  prepared  uninjected  liver,  in  which 
le  blood  vessels  are  largely  emptied,  the  areas  of  the  sections 
F  lobules  are  indicated  by  the  radially  converging  columns  of 
3lls,  and  (according  to  the  animal  employed)  are  more  or  less 
istinctly  marked  out  by  the  septa  of  connective  tissue,  in  which 
lay  be  seen  here  and  there  the  lumina  of  the  larger  interlobular 
3iiis.  In  lobules,  in  which  the  section  has  passed  through  the 
dddle  of  the  lobule,  the  lumen  of  the  central  intralobular  vein 
ill  also  be  visible;  but  often  the  section  will  cut  a  lobule  so 
iperficially  as  to  miss  the  intralobular  vein  altogether ;  and  it  is 
Jy  when  the  section  happens  to  pass  through  the  middle  of  the 
hule  in  the  plane  of  the  long  axis  of  the  flask,  that  the  origin  of 
16  intralobular  vein  in  the  middle  of  the  body  of  the  flask  and 
8  course  along  the  neck  to  the  sublobular  vein  is  displayed. 

§  447.  If  the  section  be  extensive  enough  there  may  be  seen 
ere  and  there  sections  of  the  portal  vein,  hepatic  artery  and  bile- 
uct  running  in  Glisson's  capsule.  Sections  of  the  branches  of 
le  hepatic  vein  formed  by  the  union  of  sublobular  veins  may  also 
J  seen.  These  may  be  recognised  by  the  absence  or  by  the 
:treme  scantiness  of  any  connective  tissue  wrapping  to  the  vein, 
en  in  the  case  of  the  larger  branches.  The  wall  of  the  vein 
o  is  very  thin  and  consists  of  hardly  more  than  the  tunica 
tima  resting  on  a  thin  connective  tissue  basis,  muscular  fibres 
ing  so  very  scanty  that  the  tunica  media  may  be  said  to  be 
sent. 

The  walls  of  the  portal  vein  on  the  contrary  are  thick  and 
oscular ;  the  trunk  is  more  abundantly  supplied  with  muscular 
ires  than  any  other  vein  in  the  body ;  and  the  branches  within 
e  liver  are,  in  diminishing  degree,  thick  and  muscular.  This  is 
telligible  when  it  is  remembered  that  the  blood  is  distributed 
to  capillaries  from  the  portal  vein  as  from  an  artery ;  and  indeed 
has  been  maintained  that  the  portal  vein  is  subject  to  rhythmic 
intractions  of  its  walls,  as  if  to  assist  in  the  passage  onward  of 
le  blood.  Neither  in  the  trunk  nor  in  the  branches  are  any 
selves  present,  and  these  are  also  absent  from  the  branches  of  the 
spatic  vein. 

The  branches  of  the  hepatic  artery  are  very  much  smaller  than 
ie  branches  of  the  portal  vein,  and  even  much  smaller  than  the 
ranches  of  the  bile-duct  in  company  with  which  they  run.  As 
*fy  proceed  in  their  course  they  supply  the  walls  of  the  portal 
'ins  and  of  the  bile-ducts  and  the  substance  of  Glisson's  capsule, 
^d  eventually  discharge  their  blood  into  the  portal  veinlets.  It 
^  been  maintained  that  some  of  the  finer  branches  run  directly 
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into  the  vascular  meshwork  of  the  margiDal  parts  of  the  lobul 
but  this  is  disputed 

§  448.     The  Bile-ducts.     The   larger  bile-ducts,   namely, 
hepatic  duct  leading  fix)m  the  liver,  the  cystic  duct  leading 
the  gall-bladder,  and  the  common  bile-duct  formed  by  the  June 
of  the  two,  have  the  ordinary  characters  of  large  gland-ducts.    . 
epithelium  of  columnar  cells  rests  on  a  connective  tissue  basis,  i 
so  constitutes  a  mucous  membrane ;  this  is  supported  by  a  w 
developed  muscular  coat,  consisting  of  a  thicker  internal  laye 
circularly  disposed,  and  a  thinner  external  layer  of  longitudins.  -malJv 
disposed,  plain  muscular  fibres  mixed  up  with  a  good  deal  of  ' — "*^  c^„ 
nective  tissue.     The  walls  of  the  gall-bladder  have  essentially  ^l  ' 

same  structure.     Both  the  gall-bladder  and  the  ducts  are  cap^^^^y 
of  carrying  out  peristaltic  contractions  of  their  walls,  by  the  IBb^y^ 
of  which  when  needed  (§  252')  the  rapid  flow  of  bile  into       t^f 
intestine  is  secured. 

The  bile-ducts  within  the  liver  are  also  similarly  constita/ie^ 
their  walls  of  course  becoming  thinner  and  less  muscular  as  the 
tubes  diminish  in  size,  and  the  epithelium  becoming  cubical  ratiier 
than  columnar.  A  characteristic  feature  of  the  smaller  bile-duct^ 
as  they  run  in  Glisson's  capsule  is  that,  unlike  the  ducts  of  most 
glands,  they  form  frequent  anastomose.*^. 

The  epithelium  of  the  ducts  contains  many  goblet  cells,  and 
in  the  walls  of  the  larger  ducts  and  of  the  gall-bladder  small 
mucous  glands  are  present ;  in  the  smaller  ducts  these  are  apt  to 
be  simplified  into  mere  pits  or  short  depressions  of  the  mucous 
membrane. 

The  small  terminal  anastomosing  bile-ducts,  now  consisting  of 
hardly  more  than  a  cubical  epithelium  resting  on  a  connective 
tissue  basis,  may  be  traced  to  various  points  of  the  margin  of  a 
lobule  and  there  seem  to  end  abruptly.  Just  before  a  bile-duct 
thus  ends  or  seems  to  end,  the  cubical  cells  become  much  flatter, 
the  lumen  of  the  tube  however  remaining  narrow ;  and  then  the 
end  of  the  tube  seems  blocked  up  with  the  hepatic  cells  of  the 
lobule.  To  understand,  however,  the  nature  of  this  peculiar  ending 
we  must  return  to  the  hepatic  cells. 

§  449.  The  hepatic  cells  filling  up  the  meshes  of  the  vascular 
network  of  a  lobule  are  relatively  large  (20  to  30 /i-  in  diameter  in 
man)  polygonal  or  roughly  cubical  cells.  Each  contains  a  relatively 
largo  rounded  nucleus,  and  in  not  a  few  cells  two  nuclei  may  he 
seen.  Eiich  coll  is  partly  in  contact  with  its  neighbours,  and 
partly  abuts  on  a  blood  vessel ;  for  there  is  probably  not  a  cell  in 
a  lobule  which  is  not  in  touch,  for  some  part  of  its  surface,  witL 
one  or  more  blood  vessels.  Where  the  surfaces  of  two  cells  meet 
their  substances  are  in  contact,  that  is  to  say,  there  is  no  cements -^r  it 
substance  between  them,  and  the  external  layer  of  cell-substance  -^:^^^, 
though  it  may  at  times  at  all  events  differ  from  the  more  interna'  -^'jal 
cell-substance,  is  not  differentiated  into  a  distinct  membrane  ok"^:  *>r 
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^>iticle.  Where  the  surface  of  a  cell  abuts  on  a  blood  vessel  the 
^bstance  of  the  cell  is  generally  separated  from  the  wall  of  the 
Vessel  by  a  lymph-space,  which  is  connected  with  the  hepatic  Ijrm- 
phatic  vessels. 

The  cell-substance  itself,  as  might  be  expected  from  what  has 
been  already  urged  concerning  the  metabolism  going  on  in  the 
liver,  presents  appearances  which  differ  very  widely  according  to 
circumstances.  Sometimes  the  cell-substance  appears  dense,  com- 
pact and  of  fairly  uniform  texture  though  more  or  less  granular ; 
the  whole  cell  is  then  of  relatively  small  bulk.  Sometimes  the 
cell-substance  appears  large  and  bulkv,  owing  to  its  being  largely 
loaded  with  a  substance  staining  red-brown  with  iodine,  which  we 
shall  study  in  detail  presently,  called  glycogen.  When  such  a 
cell  is  haitiened  and  the  glycogen  dissolved  out,  the  cell-substance 
appears  to  be  so  completely  riodled  with  vacuoles,  as  to  be  reduced 
to  a  mere  shell  surrounding  a  loose  irregular  network  except  imme- 
diately round  the  nucleus,  where  it  is  more  solid.  But  it  will  be 
best  to  reserve  the  discussion  of  these  changes  in  the  cells  until 
p  ve  have  studied  to  some  extent  the  metabolic  changes  which  take 
place  in  the  liver.  We  may  add  however  that  very  frecjuently, 
especially  in  certain  animals,  the  hepatic  cell  is  crowded  with  oil 
globules  of  various  sizes ;  these  are  at  times  so  numerous  a8  com- 
pletely to  hide  the  nucleus,  which  cannot  be  seen  until  the  fat  has 
been  removed. 

§  460.  Where  the  sides  of  two  hepatic  cells  are  in  contact, 
careful  examination  with  high  powers  of  the  microscope  will  often 
n^veal,  at  about  the  middle  of  the  line  of  junction  of  the  two  sides, 
a  minute  hole,  a  tenth  or  less  of  the  diameter  of  the  cell,  which 
according  to  some  observers  is  lined  with  a  delicate  cuticular  lining. 
Xhis  hole  is  the  section  of  a  minute  canal  passing  between  the 
two  cells  in  the  middle  line  of  their  apposed  surfaces.  A  model 
of  it  might  be  made  on  two  small  blocks  of  chalk  b^  cutting  a 
Harrow  semicircular  groove  down  the  middle  of  one  side  of  each 
l^lock,  and  then  bringing  these  two  sides  into  accurate  contact. 

We  have  already  said  (§  416)  that  the  blue  colouring  matter, 

Bodium  sulphindigotate,  when  injected  into  the  veins  is  excreted  by 

t^he  liver  as  well  as  by  the  kidney.     If  the  animal  be  killed  at 

^n  appropriate  time  aiter  the  injection  and  the  liver  hardened 

^ad  prepared,  sections  of  the  liver  will,  in  successful  specimens, 

l^veal  a  close  set  network  of  blue  thin  lines  traversing  the  whole 

of  each  of  the  lobules.     The  meshes  of  the  network  are  of  about 

the  width  of  a  hepatic  cell ;  and  upon  examination  it  will  be  found 

that  the  empty  minute  holes,  just  spoken  of  as  seen  in  the  sections 

of  a  liver  prepared  in  the  ordinary  way,  are  now  filled  with  the  blue 

pigment ;  the  minute  canal  of  which  each  hole  is  a  section  is  a 

part  of  a  network  of  minute  canals,  pa.ssing  between  the  cells  in 

various  directions  all  over  the  lobule.     They  may  be  traced  to  the 

«dge  of  the  lobule,  and  at  various  points  of  the  margin  the  blue  line 
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between  the  hepatic  cells  vdll  be  seen  to  be  continuous  Ynth  a 
larger  quantity  of  the  same  blue  material  occupying  the  lumen 
of  one  of  the  minute  bile-ducts  as  it  abuts  on  the  marc^^  of  t^® 
lobule.  These  minute  canals  are  therefore  continuous  with  the  bile- 
ducts;  they  are  the  terminations  of  the  bile-ducts  within  the  lobules, 
and  indeed  not  only  may  they  be  injected  during  life  with  sodium 
sulphindigotate,  but  injection  material  may,  though  with  difficulty, 
be  driven  into  them  backwards  along  the  bile-ducts.  They  are 
spoken  of  as  hUe-capillaries ;  the  name  perhaps  is  not  a  veiy 
desirable  one,  but  it  has  been  generally  adopted. 

We  said  just  now  that  each  hepatic  cell  touched  a  blood  vessel 
by  at  least  one  of  its  surfaces,  we  may  now  add  that  each  hepatic 
cell  has  at  least  one  side,  and  generally  more  than  one  side,  grooved 
to  form  a  bile-capillary.  Since  each  side  thus  grooved  is  in  contact 
with  the  corresponding  side  of  a  neighbouring  cell,  it  cannot  run 
alongside  a  blood  vessel.  Hence  between  a  bile-capillary  and  a 
blood  vessel  some  amount  of  cell-substance  is  always  interposed. 
The  relative  position  of  the  bile-capillaries  and  blood  vessels 
may  be  illustrated  by  taking  a  cube  and  converting  it  into  a. 
polygon  by  bevelling  down  the  angles  of  the  sides,  leaving  in  the 
first  instance  those  of  the  upper  and  lower  faces  untouched. 
The  blood  vessels  may  then  be  considered  as  running  down 
the  bevelled  edges,  while  bile-capillaries  run  along  the  middle 
lines  of  the  sides.  Two  such  cubes  placed  end  to  end  might 
represent  a  thin  small  islet  of  cells  in  one  of  the  smaller  shorter 
radial  meshes  of  the  vascular  network;  and  then  the  angles 
of  the  upper  and  lower  face  of  the  conjoined  cubes  would  have  also 
to  be  bevelled  for  the  cross  bars  of  the  network.  Frequently,  as  we 
have  said,  the  cells  lie  two  abreast  in  a  mesh  of  the  vascular 
network ;  then  of  course  in  the  model  the  angles  of  the  surfaces 
in  contact  would  not  have  to  be  bevelled  since  no  blood  vessels  run 
between  them.  If  several  such  bevelled  cubes  were  built  up  into 
a  model,  it  would  be  seen  that  the  network  of  bile-capillaries 
runs  along  the  middle  of  the  surfaces  between  the  blood  vessels, 
forming  nodal  points  where  cells  are  in  contact  with  each  other  by 
their  surfaces,  and  leaving  some  amount  of  cell-substance  between 
the  bile-capillary  and  the  blood  vessels.  This  at  least  may  be 
taken  as  the  typical  arrangement,  when  the  network  of  bile- 
capillaries  is  most  complex.  But  many  cells  have  the  lumen  of  a 
bile-capillary  on  one  side  only ;  and  occasionally  a  bile-capillary  is 
seen  in  section  at  the  point  of  convergence  of  three  cells  after 
the  fashion  of  an  ordinary  alveolua 

When  a  bile-duct  abuts  on  the  margin  of  a  lobule  the  lumen, 
as  we  have  previously  said,  seems  suddenly  to  come  to  an  end. 
The  flattened  cells  lining  the  ductule  or  terminal  portion  of  the 
duct  suddenly  change  into  large  hepatic  cells,  marginal  cells  of  the 
lobule,  which  appear  to  be  completely  in  contact  with  each  other 
and   to  block   up   the   ductule.     But   along  the   sides   of  these 


Chap,  iy.]     METABOLIC  PROCESSES   OF  THE   BODY.       711 

marnnal  cells  as  of  all  the  other  cells  of  the  lobule  run  bile- 
capulaiies,  and  these  are  continuous  on  the  one  side  with  the  lumen 
of  the  ductule,  and  on  the  other  hand  with  the  network  of  the  bile- 
capillaries  traversing  the  lobule.  In  the  ductule  itself  the  lumen 
is  single,  cylindrical,  and  of  some  size,  it  suddenly  divides  into 
much  somiler  passages,  and  the  cells  lining  these  smuler  branching 
passages  are  no  longer  simply  epithelium  cells  lining  a  duct,  but 
complex  hepatic  cells. 

It  would  appear  then  that  after  all  the  hepatic  cells  are  really 
cells  lining  the  terminal  secreting  portions  of  the  duct,  lining  we 
might  almost  say  the  alveoli,  but  owing  on  the  one  hand  to  the 
distribution  of  blood  vessels,  so  different  from  that  which  obtains 
in  the  alveoli  of  other  glands,  and  on  the  other  hand  to  modifica- 
tions of  the  hepatic  cells,  due  to  their  being  engaged  in  other 
functions  than  tnat  of  secreting  bile,  the  relations  of  the  cells  to 
the  lumina  of  the  alveoli  is  peculiar. 

§  4S1.  In  the  lower  animals  the  structure  of  the  liver  is 
simpler,  and  a  brief  description  of  the  frog's  liver  may  perhape 
asfdst  towards  the  comprehension  of  the  nature  of  the  mammalian 
liver.     The  liver  of  the  frog  as  seen  in  a  section  appears  to  be 


Fta.  91.     SBCTtOM  or  Liteb  of  Fboo.    (Longle;.) 

Ibe  Figure  shews  the  tnhular  Btraetnre  of  the  liver.     A.t  (a)  ft  tabula  u  Mbd  id 
%nene,  at  (b)  in  longitudinal  sectioD.    t,  lometi  ottabnle. 
^The  liver  wu  that  of  a  winter  frog,  and  the  cells  shew  an  innei  Eone  of  ptoteid 
inlea ;  the  onter  tone  waa  chiefly  oooupied  b;  gljDogea. 
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made  up  of  a  number  of  tubules,  which  repeatedly  not  only 
branch  but  also  anastomose  (Fig.  91),  and  among  which  run  the 
capillary  blood  vessels  uniting  the  branches  of  the  portal  with  those 
of  the  hepatic  vein.  There  is  no  very  obvious  division  into 
lobules ;  indeed  in  a  section  of  small  area  the  tubules  appear  to 
run  irre^larly ;  nevertheless  they  have  a  definite  arrangement 
around  the  branches  of  the  hepatic  vein.  Both  longitudinal  and 
transverse  sections  of  one  of  these  tubules  shew  that  it  is  lined 
with  large  wedge-shaped  cells,  leaving  a  very  narrow,  almost  linear 
but  still  distinct  lumen.  Around  the  tubule  is  disposed  a  network 
of  capillaries,  and,  as  in  the  alveolus  of  an  ordinary  gland,  the 
blood  vessel  is  separated  from  the  lumen  of  the  tubule  by  the 
thickness  of  an  entire  cell  Each  cell  possesses  a  rounded  nucleus 
which  lies  in  the  outer  part  of  the  cell  nearer  to  the  blood  vessel 
than  to  the  lumen ;  and  we  may  mention  here,  though  we  shall 
return  to  the  point  later  on,  that  the  cell-substance  contains  a 
number  of  granules  which  are  sometimes  scattered  throughout 
the  cell  and  sometimes  aggregated  near  the  lumen.  The  hepatic 
cell  of  the  frog  repeats  in  fact  the  main  characters  of  the  secreting 
cell  of  an  ordinary  gland,  of  a  pancreatic  cell  for  example.  The 
tubules  moreover  when  traced  are  found  to  end  in  ducts,  the 
(secreting)  hepatic  cells  suddenly  changing  to  cubical  and  then 
to  columnar  (conducting)  cells,  which  in  the  larger  ducts  bear  cilia. 
In  other  words,  the  hepatic  tubules  of  the  frog  are  alveoli,  differing 
from  the  alveoli  of  an  ordinary  gland,  in  that  they  repeatedly 
anastomose  as  well  as  branch,  and  in  that  the  lumen  is  ven^ 
narrow  and,  since  it  also  branches  and  anastomoses,  forms  a 
network  of  fine  passages. 

From  a  liver  such  as  that  of  the  frog  the  change  to  the  arrange- 
ment of  the  mammalian  liver  is  one  of  degree  only.  The  branching 
and  anastomosing  of  the  tubules  is  still  more  frequent  and  complete 
and  the  lumina  of  the  tubules  still  narrower,  so  much  so  that  each 
cell,  as  it  were,  takes  part  in  several  tubules,  and  the  network  of 
the  lumina  or  bile-capillaries  is  so  close  set  that  the  meshes  are  of 
about  the  same  width  as  the  hepatic  cells.  The  blood  vessels 
moreover  are  more  abundant,  and  by  the  establishment  of  an 
arrangement  whereby  interlobular  (portal)  veinlets  send  capillaries 
to  converge  radially  to  an  intralobular  (hepatic)  veinlet,  the  hepatic 
substance,  instead  of  as  in  the  frog  being  distributed  more  or  less 
unifonnly,  is  divided  into  a  number  of  small  areas,  the  hepatic 
lobules. 

§  462.  Concerning  the  nerves  of  the  liver  we  shall  say  what 
there  is  to  be  said  vrhen  we  come  to  consider  the  action  of  the 
nervous  system  on  the  hemtic  metabolic  processes. 

With  lymphatics  the  liver  is  well  provided.  Within  the  lobule 
lymph-spaces  exist  between  the  walls  of  the  vascular  network  and 
the  outer  margins  of  the  hepatic  cells,  and  at  the  circumference 
of  the  lobule   these   spaces  open  into  definite  lymphatic  vessels 
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which  run  in  the  connective  tissue  separating  the  lobules  and 
forming  the*  beginnings  of  Glisson's  capsule.  The  lymphatic 
vessels  lying  near  the  upper  surface  of  the  liver  find  their  way 
alonj^  the  ligaments  of  the  liver  to  the  thoracic  lymphatics,  those 
coming  fix)m  the  right  side  passing  to  the  right  lymphatic  trunk ; 
all  the  rest  of  the  lymphatics  pass  out  along  the  portal  canal  and 
fall  into  the  abdominal  thoracic  duct. 

From  the  details  given  above  we  may  infer  that  the  liver  is  in 
part  an  ordinary  secreting  gland.  The  nepatic  cells  living  on  the 
blood  brought  to  them  manufacture  bile,  which  they  discharge  into 
the  narrow  lumina  of  the  minute  bile-capillaries,  from  whence  it 
flows  outside  the  lobule  along  the  more  open  passages  of  the  bile- 
ducts.  But  the  blood  supply  is  not  only  out  of  all  proportion  to 
the  demands  of  mere  secretory  work,  but  also  is  peculiar  in  so  far 
that  the  blood  reaches  the  liver  laden  with  many  of  the  products 
of  digestion.  This  would  lead  us  to  infer  that  the  hepatic  cells 
are,  as  we  have  already  suggested,  also  largely  engagea  in  with- 
drawing substances  fix)m  the  portal  blood,  not  for  the  purpose 
amply  of  forming  bile,  but  in  order  that  other  substances,  or  the 
same  substances  more  or  less  altered  should  be  added  to  the  blood 
of  the  hepatic  vein  and  so  distributed  throughout  the  body  for  the 
body's  use.  And  we  have  experimental  eviaence  that  such  a  work 
is  carried  on. 


SEC.  2.     THE   HISTORY  OF  GLYCOGEN. 


§  463.  If  the  liver  of  a  well-fed  animal  be  removed  immedi- 
ately after  death,  rapidly  divided  into  small  pieces,  thrown  into 
boiling  water,  rubbea  up  and  boiled,  a  decoction  may  be  obtained 
which  after  careful  neutralisation  and  filtration  will  be  tolerably 
free  from  proteid  matter.  Such  a  decoction  is  remarkably  opa- 
lescent, milky  in  fact  in  appearance,  much  more  so  than  a 
similar  decoction  from  muscle  or  other  tissue,  and  remains 
opalescent  even  after  repeated  filtration.  Treated  with  iodine,  the 
solution  turns  a  brownish  red,  port-wine  red  colour,  not  \inlike 
that  given  by  dextrine  when  iodine  is  added ;  the  colour  disap- 
pears on  warming,  but  reappears  on  cooling  provided  that  not  too 
much  proteid  matter  has  been  left  in  the  solution.  Treated  with 
Fehling's  fluid  or  other  tests  for  sugar,  the  solution  is  found  to 
contain  a  small  and  variable,  but  only  a  small,  quantity  of  sugar. 

If  the  solution  be  exposed,  preferably  in  the  warm,  to  the 
action  of  saliva  or  of  some  other  amylolytic  ferment,  or  be  boiled 
with  dilute  acid,  the  opalescence  disappears;  and  the  now  clear 
transparent  solution  gives  no  longer  the  port-wine  reaction  with 
iodine.  Tested  moreover  with  Fehling's  fluid  or  by  other  means 
it  is  now  found  to  contain  a  considerable  quantity  of  surar. 

If  alcohol  be  added  to  the  opalescent  solution  until  the  mixture 
contains  60  p.c.  of  the  alcohol  (previous  concentration  by  evapora- 
tion being  desirable)  a  white  amorphous  precipitate   is  throwDM:3K~7) 
down.     This   precipitate,  removed  by  filtration,  boiled   with  i 
alcoholic  solution  of  potash  in  which  it  is  insoluble,  but  whi 
dissolves  and  destroys  any  proteids  which  may  be  present, 
with  ether  to  remove  fatty  impurities,  and  washed  yrith  alcoh 
may  be  obtained  in  a  pure  condition.    It  then  appears  as  a  m 
amorphous  powder,  fairly  soluble  in  water,  but  always  giving 
to  a  milky  opalescent  solution  unless  an  excess  of  alkali  be  presen*^  _t^ 
in  which  case  the  opalescence  may  be  slight  or  absent. 

The  opalescent  solution  of  this  purified  material  ^ves  a  po: 
wine  reaction  with  iodine,  but  no  re€U3tion  whatever  with  Fehlm[ 
fluid  or  the  other  sugar  tests.    Treated  with  an  amylolytic  ferme 
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boiled  with  dilute  acid,  the  solution,  like  the  raw  decoction  of 
1  iver,  loses  its  opalescence  and  its  port-wine  reaction  with  iodine 
t>ut  now  gives  abundant  evidence  of  the  presence  of  sugar,  dextrose, 
if  boiling  with  acid  has  been  employed,  maltose  chiefly,  if  an 
ylolytic  ferment  has  been  used.  If  quantitative  determinations 
employed  it  will  be  found  that  the  amount  of  sugar  obtained 
proportionate  to  the  amount  of  the  white  powder  acted  upon ; 
in  other  words  the  substance  forming  an  opalescent  solution  is 
c^onverted  into  sugar,  the  solution  of  which  is  clear.  Obviously 
"tht*  substance  is  a  body  allied  to  stiirch ;  and  this  is  confirmed  by 
its  elementary  composition,  which  is  found  to  be  0^11,^,0^  or  some 
:KTiultiple  of  this. 

Hence  this  body  is  called  glycogen.  And  it  is  obvious  from 
Avhat  has  been  stated  above,  that  the  liver  of  a  well-fed  animal 
At  the  moment  of  death  contains  a  considerable  quantity  of 
glycogen  either  in  a  free  state  or  in  such  a  condition  that  it 
is  set  free  by  subjecting  the  liver  to  the  action  of  boiling  water. 
We  may  add  that  it  occurs  in  the  liver  in  the  hepatic  cells,  for 
the  reaction  of  a  port-wine  colour  given  under  certain  conditions 
by  the  hepatic  cells,  §  449,  is  due  to  the  presence  of  glycogen  in 
them. 

§  464.     If  the   liver,  instead   of  being  treated  immediately 
upon  the  death  of  the  animal,  is  allowed  to  remain  in  the  body 
of  the  dead  animal  for  several  hours,  especially  in  a  warm  place, 
before   a  decoction  is  made  of  it,  the  decoction  will   be   found 
to    have   little   or  no   opalescence,  to   be   quite  or  nearly  quite 
oleaj,  to  give   little   or  no  port-wine   reaction  with  iodine,  but 
t;o    contain   a  very  considerable   quantity  of  sugar.     As  we  said 
^bove,  the  decoction  even  of  a  liver  taken  immediately  after  death 
generally  contains  some  little  sugar,  and  the  quantity  of  sugar  in  the 
liver  appears  as  a  rule  to  increase  steadily  after  death,  the  amount 
of  glycogen  diminishing  at  the  same  time.     The  rapidity  of  the 
diminution  of  glycogen  and  the  rate  of  increase  of  sugar  vary  much 
Vinder  various  circumstances.     Moreover,  the  decrease  of  the  one 
^nd  the  increase  of  the  other  are  not  always  strictly  proportional ; 
a,nd  indeed  some  observers  have  insisted  that  there  is  no  relation 
between  the  two  processes.     Nevertheless,  the  broad  fact  remains 
that  if  the  liver  of  the  same  well-fed  animal  be  divided  into  two 
balves,  as  soon  as  possible  after  death,  and  one  half  thrown  into 
boiling  water  immediately,  while  the  other  half  is  left,  exposed 
"to  some  little  warmth  for  several,  say  24  hours,  the  decoction  of 
the  first  half  will  contain  much  glycogen  and  little  sugar,  while 
that   of  the  second  half  will  contain  little  glycogen  and  much 
sugar ;  and  this  fact  may  be  taken,  until  the  contrary  is  proved, 
to  shew  that  the  glycogen  present  in  the  liver  at  the  moment 
of  death  is  gradually  alter  death  by  some  action  or  other  con- 
verted into  sugar. 

The  action  is  that  of  some  agency  whose  activity  is  destroyed 
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by  the  temperature  of  boiling  water;  hence  the  directions 
peatedly  given  above  to  throw  the  liver  into  boiling  water.  ' 
naturally  suggests  the  presence  in  the  liver  of  an  amylol 
ferment.  But,  not  only  have  attempts  to  isolate  firom  the  Uve 
amylolytic  ferment  failed,  in  the  hands  of  most  observers  at  I< 
but  the  exact  nature  of  the  sugar  which  appears  shews  that 
change  is  not  affected  by  an  or<unary  amylolytic  ferment.  In 
case  of  the  amylolytic  ferment  of  saliva,  pancreatic  juice,  intest 
juice,  and  indeed  of  all  other  amylolytic  animal  fluids,  the  si 
into  which  starch  or  glycogen  is  converted  is  maltose.  Now 
sugar  which  appears  in  the  liver  after  death  is  dextrose,  ident 
as  far  at  least  as  can  at  present  be  made  out,  with  ordii 
dextrose.  We  are  led  therefore  to  infer  that  the  chi 
of  glycogen  into  sugar  which  appears  to  go  on  after  deat 
carried  out  by  some  action  of  the  liver,  probably  of  the  hej 
cell  itself,  which  is  done  away  with  by  a  temperature  of  1(X 
but  which  is  not  the  action  of  a  ferment  capable  of  being  isola 

§  466.  We  have  used  above  the  phrase  *  well-fed'  aa 
because  the  amount  of  glycogen  present  in  the  liver  of  an  aa 
at  any  one  time  is  very  variable,  and  especially  dependent  on 
amount  and  nature  of  the  food  previously  taken.  When  all  (oi 
withheld  from  an  animal,  the  glycogen  in  the  liver  dimixiii 
rapidly  at  first,  but  more  slowly  afterwards.  Even  afler  s 
days'  starvation  a  small  quantity  is  frequently  still  found ;  bi 
rabbits,  at  all  events,  the  whole  may  eventually  disappear. 

If  an  animal,  after  having  been  starved  until  its  liver 
be  assumed  to  be  free  or  almost  free  from  glycogen,  be  fee 
a  diet  rich  in  carbohydrates  or  on  one  consisting  exclusive! 
carbohydrates,  the  liver  will  in  a  short  time  be  found  to  cor 
a  very  large  quantity  of  glycogen.     Obviously  the  preseno 
carbohydrates  in  food  leads  to  an  accumulation  of  glycogen  in 
liver ;   and   this   is   true   both  of  starch  and  of  dextrin  an 
the   various  forms  of  sugar,  cane,  grape  and  milk  sugar, 
effect  may  be  quite  a  rapid  one,  for  glycogen  has  been   fi 
in  the  liver  in  considerable  quantity  within   a  few  hours 
the  introduction  of  sugar  into  the  alimentary  canal  of  a  stai 
animal. 

If  an  animal,  similarly  starved,  be  fed  on  an  exclusively  j 
diet  a  certain  amount  of  glycogen  is  found  in  the  liver, 
appears  to  be  especially  the  case  with  dogs  (probably  with  ( 
carnivorous  animals  also)  ;  and  in  earlier  works  on  the  subjeci 
constant  presence  of  glycogen  in  the  livers  of  dogs  fed  on  i 
was  regarded  as  an  important  indication  of  the  formation  w 
the  body  of  non-nitrogenous  from  nitrogenous  material.  Bi 
the  first  place,  the  quantity  of  glycogen  thus  stored  up  in  the 
as  the  result  of  a  meat  diet,  is  much  less  than  that  which  fol 
upon  a  carbohydrate  diet ;  and  in  the  second  place,  ordinary  i 
especially  horse-flesh  on   which   dogs   in  such   experiments 


^^AP.  IV.]     METABOLIC   PROCESSES   OF  THE  BODY.       717 

^^>ially  fed,  contains  in  itself  (§  62)  a  certain  amount  either  of 
Rvcogen  or  some  form  of  sugar.  Moreover  when  animals  are  fed 
^C)t  on  meat  but  on  purified  proteid,  such  as  fibrin,  casein  or 
^n)umin,  the  quantity  of  glycogen  in  the  liver  becomes  still 
^tualler,  though  according  to  most  observers  remaining  greater 
than  during  starvation.  We  may  infer  therefore  that  part  of  the 
g'lycogen  which  appears  in  the  liver  after  a  meat  diet  is  really 
J  lie  to  carbohydrate  materials  present  in  the  meat.  Part,  however, 
would  appear  to  be  the  result  of  the  actual  proteid  food ;  and  we 
have  similar  evidence  that  gelatine  taken  as  food  leads  to  the 
formation  of  some  glycogen  in  the  liver.  But  in  this  respect 
these  nitrogenous  substances  fall  far  short  of  carbohydrate 
material. 

With  regard  to  fats,  all  observers  are  agreed  that  these  lead  to 
oo  accumulation  of  glycogen  in  the  liver;  an  animal  fed  on  an 
exclusively  fatty  diet  has  no  more  glycogen  in  its  liver  than  a 
starving  animal. 

Hence  of  the  three  great  classes  of  food-stuflFs,  the  carbohydrates 
stand  out  prominently  as  the  substances  which  taken  as  food  lead 
±o  an  accumulation  of  glycogen  in  the  liver.  We  may  remark 
t>1iiat  the  greatest  accumulation  of  glycogen  is  eflfected  not  by  a 
pure  carbohydrate  diet,  but  by  a  mixed  diet  rich  in  carbohydrates. 
A  quantity  of  carbohydrate  mixed  with  a  certain  proportion  of 
-proteid  gives  rise  to  a  larger  amount  of  glycogen  in  the  liver  than 
tile  same  quantity  of  carbohydrate  given  oy  itself;  and  it  is  possible 
"tliat  the  presence  of  an  appropriate  quantity  of  fat  still  further 
fifcifieists  the  accumulation.  But  this  result  probably  depends,  in 
jxttt  at  least,  on  the  fact  that,  though  difierences  may  be  met  with 
1^  different  animals,  a  mixture  of  the  several  classes  of  food-stuffs 
is  more  readily  digested  resulting  in  more  nutritive  material  being 
thrown  upon  the  blood,  than  is  a  meal  consisting  exclusively  of 
^^e  kind  of  food-stuff  alone. 

As  far  as  we  know  at  present  the  glycogen  which  thus  appears 
^  the  liver  as  the  result  of  feeding  either  with  any  of  the  various 
r^^'ms  of  carbohydrates,  or  with  proteids,  or  with  other  substances, 
}^  of  the  same  kind  and  presents  the  same  characters ;  at  least  we 
'^^ve  no  evidence  to  the  contrary. 

The  storing-up  of  glycogen  in  the  liver  is  also  influenced  by 

^Ixer  circumstances  than  the  taking  of  food.     For  instance  in  the 

^^g  an  increase  of  glycogen  takes  place  during  the  winter  months. 

'^  the  summer  months  the  liver  of  a  frog  will  be  found  to  contain 

^^^^  little  glycogen,  Fig.  92  c,  unless  the  animal   has  been  un- 

U,?^ally   wefi    fed;    whereas   a   liver    examined    in    mid   winter, 

ri^g.  92  A,  will  be  found  to  contain  a  considerable  quantity,  even 

^^Oiigh  no  food  has  been  taken  for  months.     In  such  a  case  the 

?^^terial  for  the  formation  of  the  glycogen  in  the  liver  must  have 

^^n  furnished  by  some  part  of  the  body  of  the  frog,  and  could 

^t;,  as  may  be  the  case  when  a  meal  leads  immediately  to  an 
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It  seti; 

as  if  in  the  summer  the  frog  lives  up  to  its  capital  of  hepa^^^ 


of  glycogen,  be  supplied  directly  from  the  food.     It  se^^-^-j^ 


Flo.  92.     Thbee  f 
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A.  Cella  rich  in  glyoogeu.    Taken  from  a  frog  during  winter.    The  oella  ue  ^ 
Urge,  and  proteid  grauules  aie  mBBsed  round  the  liunen,  the  liotDOgeneonB  ontor 
conea  of  the  cells  beiuK  largel;  composed  of  glycogen  vhich  was  praaent  in  oon- 
siderable  abundance.     The  outer  zones  contained  uomeious  f&t  globnles,  shewn  aa 

dark  dots  ;  but  aa  etated  in  the  text  these  fat  globules  tstj  mnoh. 

B.  Cells  poor  in  glycogen.  Taken  from  a  winter  bug  wbioh  bad  been  kept  at 
22°C.  for  10  dajs.  The  cdls  contain  very  little  glycogen  and  the  pioteid  grannln 
are  disperxed  throughout  the  cell.  In  a  summer  frog  well  fed  on  proleida  the  cells 
would  preaent  a  very  similar  appearance. 

C.  Starved  calls.  Taken  from  a  Hommer  Crog  after  a  long  last.  The  oalli  aie 
small  and  almost  free  from  glycogen.  The  proteid  grannies  are  dispersed  thronghoat 
the  coll. 

All  tbe  specimens  were  hardened  in  1  p.c.  osmic  acid,  and  are  drawn  to  the  same 
or  nearly  to  the  same  scale. 

glycogen,  spcndiDg  it  as  fast  almost  as  it  is  made,  but  that  during 
the  winter  a  quantity  is  funded  to  provide  for  the  demands  of 
late  winter  and  early  spring. 

This  winter  storage  of  hepatic  glycogen  in  the  frog  aeems  — ^ 
closely  dependent  on  temperature.  If  a  winter  frog,  whose  liver"  ~ 
is  presumably  more  or  less  loaded  with  glycogen,  be  exposed  foe— J^ 
some  time  to  a  teinpt'rature  of  20°  or  a  little  higher,  the  liver  wiI^C3 
afterwards  be  found  to  contain  little  or  no  glycogen,  Fig.  92  B  p 

and  conversely  if  a  summer  i'rog  be  exposed  to  untimely  cold^^H* 
glycogen,  though  not  in  any  great  quantity,  begins  to  be  stored  u^^^* 
m  the  liver. 
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§466.  Before  we  attempt  to  discuss  further  how  food  and 
^^ber  circumstances  thus  affect  the  glycogen  in  the  liver,  it  will 
^^  desirable  to  take  up  the  matter  which  we  left  on  one  side  in 
§  449,  viz.  the  consideration  of  the  histological  changes  occurring 
^  the  hepatic  cells,  under  various  conditions.  It  will  be  con- 
'^^nient  to  begin  with  the  cells  of  the  more  distinctly  tubular 
S'land  of  the  frog. 

In  a  frog  which  has  not  been  subjected  to  any  special  treat- 

Jicient  the  cell-substance  of  the  hepatic  cell  (cf.  Fig.  92  a)  will 

generally  be   foimd  to  contain  lodged  in  itself  three  kinds  of 

roaterial,  the  presence  of  which,  if  not  directly  recognisable  in 

the  fresh  cell,  may  be  demonstrated  by  the  use  of  various  reagents. 

In   the  first  place,  oil  globules  of  variable  size  and  in  variable 

Ckmount  are  scattered  throughout  the  cell ;  sometimes,  as  we  have 

£^ready  said,  these  are  extremely  abundant ;  but  there  is  otherwise 

nothing  very  special  about  these  fat  globules  in  the  hepatic  cell  to 

demana  any  discussion  concerning  them  apart  from  the  general 

discussion  on  the  formation  of  fat,  into  which  we  shall  enter  later 

on. 

In  the  second  place,  a  number  of  small  discrete  granules  may  be 
seen  lodged  in  the  cell-substance.    These  appear  to  be  of  a  proteid 
nature  and  are  generally  most  abundant  on  the  inner  side  of  the 
cell  near  the  lumen  of  the  bile  passage.     The  presence  of  these 
^rranules  is  closely  dependent  on   the  activity  of  the  digestive 
processes.     They  diminish  when  digestion  is  going  on  and  accu- 
mulate again  afterwards.     Putting  aside  certain  details  we  may 
say  that  these  granules  behave  very  much  like  the  granules  in  an 
al luminous  salivaiy  cell,  a  pancreatic  cell  or  a  chief  gastric  cell ; 
and  we  may  probably  safely  conclude  that  they,  like  the  granules 
i^  these  cells,  are  in  some  way  concerned  in  the  fonnation  of  the 
^^cretion ;  that  is,  in  their  case,  bile. 

In  the  third  place,  the  cell  contains  more  especially  in  its  outer 
parts  nearer  the  blood  vessel,  away  frx)m  the  lumen  of  the  bile 
P^^sage,  a  variable  quantity  of  material  which  differs  from  the 
^ixJiiiary  cell-substance  in  being  hyaline  and  refractive  and  hence 
Slassy  looking,  and  in  staining  port- wine  red  with  iodine  insteajl  of 
*^*^Wnish  yellow  as  does  ordinary  cell-substance.     This  material  is, 
though  with  some  little  diflficulty,  soluble  in  water,  and  by  this 
^^aM  may  be  dissolved  out  from  the  cell.     When  this  is  done  the 
places  which  it  occupied  appear  as  vacuoles  or  gaps  of  various 
??^^  limited  by  bars  of  the  cell-substance,  which  thus  takes  on  the 
*^^in  of  a  network,  the  meshes  of  which  are  wider  and  more  con- 
spicuous in   the   outer  part  of  the   cell,  in  which   the   hyaline 
Material  was  previously  most  abundant.     In  the  inner  part  of  the 
^^11  where  the  hyaline  material  was  scanty  the  cell-substance  is 
*|^^5^  dense,  and  even  in  the  outer  part  a  shell  of  more  dense,  less 
iw^iculate  cell-substance  affords  a  definite   outline   to   the   cell. 
*^^Te  can  be  no  doubt  that  this  hyaline  material  is  either  actual 
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glycogen  such  as  may  be  extracted  from  the  liver,  or,  as  sec 
more  probable  from  itsr  deficient  solubility,  glycogen  in  some  m 
or  less  loose  combination  with  some  other  body,  a  combinat: 
however,  of  such  a  kind  that  the  iodine  reaction  makes  it 
felt. 

§  467.     The  above  ma^  be  taken  as  a  general  description  o 
cell  in  an  ordinary  condition.     The  question  now  comes  before 
What  changes  are  brought  about  by  various  foods  or  by 
absence  of  food  ? 

If  a  frog  be  largely  fed  on  a  diet  containing  large  quantitiei 
carbohydrates,  the  liver  will  be  found  rich  in  glycogen  and 
cells  will  present  the  following  characters.  The  cell  is  relati^ 
large  (cf.  Fig.  92  a)  and  as  it  were  swollen ;  the  cell-substance 
larc^ely  occupied  by  the  hyaline  material  just  spoken  of,  especii 
in  its  outer  parts,  so  that  in  sections  prepared  and  mounted  in 
ordinary  way  in  which  the  glycogen  has  been  dissolved  out 
greater  part  of  the  cell  consists  of  a  loose  open  network  of  ban 
stained  cell-substance,  with  wide  meshes ;  a  certain  quantity  of  m 
solid,  generally  granular  looking  cell-substance  occupies  the  pari 
the  cell  nearest  the  lumen,  ana  a  thin  shell  of  cell-substance  foi 
an  envelope  for  the  rest  of  the  cell  The  nucleus  is  large  f 
distinct,  but  though  changes  in  the  nucleus  accompanying  chan, 
in  the  cell-substance  have  been  described,  they  are  not  suffieieu 
important  to  detain  us  now.  When  such  a  cell  is  seen  in  a  perfec 
fresh  state,  the  hyaline  refractive  material  (which  we  need  bar 
say  gives  a  marked  reaction  with  iodine)  often  hides  the  nucL 
and  the  greater  part  of  the  cell-substance  proper. 

If  on  the  other  hand  the  frog  be  fed  on  a  proteid  diet  free  fr 
carbohydrates,  for  instance  on  fibrin,  the  liver  contains  little  or 
glycogen,  and  the  hepatic  cells  are  not  only  much  smaller  1 
present  an  appearance  very  different  from  the  above  (cC  Fig.  92 
Little  or  no  hyaline  material  is  visible,  the  cells  give  little  or 
port-wine  reaction  with  iodine,  but  only  the  usual  brown  yell 
proteid  reaction,  and  in  specimens  prepared  and  mounted  in  ^ 
ordinary  way  the  cell-substance  appears  densely  granular  throuj 
out. 

Lastly,  if  the  frog  be  starved,  and  if  to  the  effects  of  starvat 
there  be  added  those  of  exposure  to  a  high  temperature  (25*X 
which  as  we  have  seen  the  hepatic  cells  are  markedly  affected, 
liver  is  found  to  be  free  from  glycogen,  and  the  hepatic  cells  to 
extremely  small  (c£  Fig.  92  c),  only  half  the  size  or  even  less, 
those  of  the  well-fed  frog,  but  otherwise  much  like  the  cells  ii 
frog  fed  on  proteid  material. 

§  458.  In  the  mammal  changes  in  the  hepatic  cells  similar 
those  just  described  as  occurring  in  the  frog  have  also  be 
observed.  When  the  animal  is  fed  on  a  diet  rich  in  carboh3rdra1 
and  when  therefore  as  we  have  seen  the  liver  abounds  in  glycog 
the  hepatic  cells  (Fig.  93)  are  larger  (so  large  that  they  hi 
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laries)  and  loaded  with  the  si 
J>ort-wine  red  with  iodine, 
material  is  dissolved  out  a  coarse  open 
network  of  cell -substance  is  displayed. 
The  most  marked  point  of  difference  be- 
tween the  mammalian  and  frog's  hepatic 
cell  under  these  conditions  is  that  in  the 
former,  the  hyaline,  glycogenic  substance 
ia  gathered  at  first  centrally  round  the 
nucleus  (not  more  on  the  outer  side  as  is 
the  case  in  the  &ug)  and  spreads  from 
the  centre  towards  the  periphery,  always 
leaving  on  the  extreme  outside  a  some- 
what thick  shell  of  cell -substance,  which 

iu  hardened  and  prepared  specimens  may „    

Btiikingly  simulate  a  thickened  cell-wall,    cogen  not  disBoNed  out.' 
"We  may  add  that  in  an  animal  thus  fed 
the  whole  liver  is  very  large  and  as  it  were  swollen ;  it  is  also  soft 
and  tears  easily. 

In  an  animal  fed  on  proteids  alone,  for  instance  on  fibrin,  the 
liver  frequently  contains  some  glycogen  and  the  hepatic  cells 
contain  a  small  quantity  of  hyaline  glycogenic  material.  As  in  the 
corresponding  case  in  the  frog,  the  cells  are  comparatively  small, 
and  the  cell-substance  appears  finely  and  uniformly  granular. 

In  a  starved  mammal,  the  liver  is  small,  dense  to  the  touch 
^nd  tough ;  it  contains  a  trace  only  of 
glycogen  or  none  at  all ;  the  cells  (Fig. 
04)  are  small,  as  it  were  shrunken,  and 
tile  cell-substance,  which  gives  no  port- 
wrine  reaction,  or  a  mere  trace  only,  with 
iodine,  is  still  more  finely  granular. 

§  459.     The  microscopic  appearances 
J*ut  described  shew,  and  indeed  general 
congiderations  lead  us  to  the  same  con- 
t^lnsion,  that  the  processes  taking  place 
>»i  a  hepatic  cell  are  very  complex.     In       pm.  94. 
'"e  first  place  the   constituents  of  bile    wawak    Li 
^'^   being   formed   and   discharged   into    \^^'\    °^ 
the   bile   passages   after   the    fashion   of      ZJ^^ja^imen.  Tha 
<*o    ordinary    secreting    gland.      In    the   gTaDiilea  are  □□!  veh  pie- 
*^ond  place,  a  formation  of  glycogen  is   Berred  in  some  of  the  celU. 
*'ao  taking  place,  and  we  shall  have  prc- 

^^'itly  to  consider  briefly  the  relations  of  the  one  process  to  the 
°thor.  In  the  third  place,  as  is  especially  indicated  by  the 
****iewhat  peculiar  effects  on  the  hepatic  cell  of  food  exclusively 
'*r**teid  in  nature,  other  processes,  similar  perhaps  to  the  formation 
glycogen  but  not  resulting  in  the  storage  of  any  carbohydrate 
w.  4& 
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material  and  dealing  possibly  with  proteid  substances,  also  take 
place.  Hence  the  exact  interpretation  of  all  the  changes  which 
may  be  observed  becomes  exceedingly  difficult. 

Leaving  the  processes  of  the  first  and  third  kind  wholly  on  one 
side  for  the  present,  and  confining  our  attention  entirely  to  the 
glycogen,  it  is  obvious  that  the  hepatic  cell  manu£Eu;ture8  the 
glycogen  in  some  way  or  other,  and  lodges  it  in  its  own  substance 
for  the  time  very  much  in  the  way  that  a  secreting  cell  manutieu^ 
tures  and  lodges  in  itself  for  a  time  material  for  the  secretion  which 
it  is  about  to  pour  forth.  There  is  this  difference,  that  in  the  one 
case  the  matenal  of  the  secretion,  after  undergoing  as  we  have  seen 
more  or  less  change,  is  cast  out  into  the  lumen  of  the  alveolus, 
whereas  in  the  other  case  the  glycogen,  which  must  undergo 
change  since  it  may  be  made  to  disappear  rapidly  from  the  hepatic 
cell,  IS  not  when  changed  cast  out  into  the  bile  passages ;  it  must 
therefore  be  sent  back  again  to  the  blood. 

§  460.  We  say  **  manufactures  the  glycogen  in  some  way  or 
other,"  and  we  have  now  to  inquire  what  we  know  concerning  the 
nature  and  the  several  steps  of  this  manufacture. 

We  have  already  seen  that  the  presence  of  glycogen  in  the^^^, 
liver  is  especially  favoured  by  a  carbohydrate  diet;  and  in  ou 
studies  on  digestion  we  have  seen  reason  to  think  that  a  ve 
large  part  at  all  events  of  the  carbohydrate  material  of  a  meal  i 
absorbed  as  sugar  by  the  capillaries  of  the  intestine  and  carried  a 
sugar  to  the  liver  in  the  portal   blood.     Hence,  it  seems  onl^^ 
reasonable  to  conclude  that  the  glycogen  which  makes  its  ap 
ance  in  the  liver  after  an  amylaceous  meal  arises  from  a 
conversion  of  the  sugar  carried  to  the  liver  by  the  portal  vein,  th 
sugar  becoming  through  some  action  of  the  hepatic  cell-substanc 
dehydrated  into  glycogen,  or  animal  starch  as  it  has  been  calico  ^jd, 
the  process  being  a  reverse  of  that  by  which  in  the  alimentary  cans,  -lal 
starch  is  hydrated  into  sugar  through  the  action  of  the  salivi 
and  pancreatic  ferments.     Vegetable  cells  can  undoubtedly  conv 
both  starch  into  sugar  and  sugar  into  starch ;  and  there  are  ^mmo 
d  priori  arguments   or   positive  facts  which  would   lead  us         to 
suppose    that    the   activity   of   animal   living    substance    rnni^  nf 
accomplish  the  latter  as  well  as  the  former  of  these  changes.     V^^e 
are  quite  ignorant  it  is  true  of  the  exact  way  in  which  either  t-  'Me 
hydration  or  the  dehydration  is  effected  by  living  substance ;  1^  vt 
we  are  equally  ignorant  of  the  exact  way  in  which  an  amyloljr^ic 
ferment  effects  the  hydration  of  starch  into  sugar,  which  it  carries 
out  with  so  much  apparent  ease.     It  is  not  a  great  assumption    to 
suppose  that  the  continually  changing  living  substance,  which    in 
its  changes  is  continually  giving  out  energy,  has  the  power    rf 
acting  on  molecules  of  starch  or  of  sugar  in  contact  with,  or  even 
only  near  to  itself,  and  so  of  hydrating  starch  into  the  sugar  or  of 
dehydrating  sugar  into  starch.     The  latter  process  may  be  a  more 
difficult  one  than  the  former,  but  not  one  beyond  the  power  of  tie 
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living  substance.  We  may  fairly  suppose  that  a  quantity  of  sugar 
in  solution  present  in  a  vacuole,  for  instance,  of  the  hepatic  cell- 
dubstance  can  be,  by  some  action  of  the  cell-substance,  converted 
into  glycogen  in  a  solid  form,  filling  up  the  vacuole.  Again,  as  we 
have  incidentally  mentioned,  sugar  injected  into  the  jugular  vein 
readily  gives  rise  to  sugar  in  the  urine ;  but  a  very  considerable 
quantity  can  be  slowly  injected  into  the  portal  vein  without  any 
appearing  in  the  urine.  This  suggests  the  idea  that  the  liver,  so 
to  speak,  catches  the  sugar  as  it  is  passing  through  the  hepatic 
capillaries  and  at  once  dehydrates  it  into  glycogen. 

Similar  considerations  may  also  be  appliea  to  the  case  men- 
tioned above  of  the  appearance  of  glycogen  in  the  hepatic  cells  of 
¥dnter  (fasting)  froga  We  have  reason  to  think  that  sugar  makes 
its  appearance  as  a  product  of  the  metabolism  of  various  tissues. 
The  sugar  thus  arising  finding  its  way  into  blood  may  be  made 
use  of  at  once  elsewhere,  converted  speedily  for  instance  into 
carbonic  acid  and  so  got  rid  of  But  we  can  readily  imagine  that 
under  certain  circumstances,  as  for  instance  when  the  activities  of 
the  animal  were  lessened  by  a  low  temperature,  it  was  not  so  made 
use  of  and  remained  in  the  blood.  If  so  it  would  in  the  course  of 
the  circulation  be  carried  to  the  liver,  and  might  be  at  once  taken 
up  by  the  hepatic  cells  and  converted  into  glycogen;  and  these 
might  be  so  active  that  the  blood  was  never  at  any  time  allowed 
to  remain  loaded  with  sugar  to  such  an  extent  as  to  permit  a  loss 
through  the  urine. 

§  461.  Upon  such  a  view,  the  carbohydrate  taken  as  food 
would  be  converted  into  glycogen  by  the  agency  of  the  hepatic 
cell,  without  at  any  time  becoming  an  integral  part  of  the  living 
substance  of  the  cell.  Such  a  view  may  be  the  true  one ;  but  it 
is  open  for  us  to  look  at  the  matter  in  another  light.  We  may 
push  still  further  the  analogy  between  the  glycogen  of  the  hepatic 
cell  and  the  material  with  which  a  secreting  cell  is  loaded.  In 
dealing  with  secretion  we  saw  reasons  for  regarding  such  a  body 
as  mucin  to  be  a  prixluct  of  the  metabolism  of  the  cell-substance 
of  the  mucous  cell;  and  we  may  similarly  regard  glycogen,  or 
sugar  readily  convertible  into  glycogen,  or  at  least  some  or  other 
carbohydrate  material,  as  a  normal  product  of  the  metabolism  of  the 
hepatic  cell.  We  may  thus  conceive  of  the  hepatic  cells  as  being 
continually  engaged  in  giving  rise  to  carbohydrate  material  in  the 
form  either  of  sugar  or  of  some  other  body ;  and  we  may  suppose 
that  under  certain  circumstances,  as  in  the  absence  of  adequate 
food,  the  carbohydrate  material  thus  formed  is  at  once  discharged 
into  the  blood  of  the  hepatic  vein  for  the  general  use  of  the  body, 
but  that  under  other  circumstances,  as  when  an  amviaceous  meal 
has  been  taken,  the  immediate  w^ants  of  the  economy  being 
covered  by  the  carbohydrates  of  the  meal,  the  carbohydrate 
products  of  the  hepatic  metabolism  are  stored  up  as  glycogen. 
Under  such  a  view  the  sugar  of  the  meal  is  used  up  somewhere 

46—2 
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in  the  body,  and  the  glycogen  to  the  storage  of  which  in  the 
liver  it  gives  rise  comes  direct  from  the  hepatic  substance.  And 
a  similar  explanation  may  be  given  of  the  storing-up  of  glycogen 
in  the  liver  under  such  circumstances  as  those  of  the  winter  frog 
previously  mentioned. 

We  do  not  possess  at  present  experimental  or  other  evidence 
of  so  clear  a  kind  as  to  enable  us  to  aecide  dogmatically  between 
these  two  views  ;  we  are  limited  to  very  general  indications.     We 
have  seen  that  proteid  food,  though  in  this   respect   falling   far 
below  carbohydrate  food,  does   or   may   give   rise   to   a   certain 
amount  of  glycogen  in  the  liver;  and  gelatin  seems  to  have  the 
same  effect.     Further,  in  certain  cases  of  the  disease   diabetes, 
of  which  we  shall  have  to  speak  presently,  and  which  is  charac- 
terized by  the  presence  of  a  Jarge  amount  of  sugar  in  the  blood, 
sugar  continues  to  be  formed  in  large  quantity,  even  when  the 
diet  is  entirely  restricted  to  proteid  and  fatty  matters,  all  carbo- 
hydrates   being  excluded.     Now    in   diabetes    we    have    reason 
to   believe   that   the   large   quantity   of    sugar   in   the   blood   is 
accompanied  by  a  large  deposition  of  glycogen  in  the  liver,  and 
indeed  in  other  tissues ;   for  in  the  few  cases  which  have  been 
examined  sufficiently  soon  after  death,  and  in  which  owing  to  the 
suddenness  of  the  death,  there  was  no  opportunity  for  stored-up 
glycogen  to  disappear,  a  very  large  quantity  of  glycogen  has  been 
found  in  the  liver  or  in  some  other  organs.    Hence  the  phenomena 
of  diabetes  may  be  taken  as  shewing,  in  a  much  more  striking 
manner  than  do  any  experiments,  that  proteid  material  taken  as 
food  may  give  rise  to  hepatic  glycogen.     And  this  at  first  sight       -i^.t 
seems  to  aflFord  proof  that  the  hepatic  glycogen  is  a  product  of     "i'of 
the  metabolism  of  the  hepatic  cell,  the  activity  of  the  cell  being     '^^g 
stimulated  as  it  were  bv  the  presence  of  the  proteid  food.     But     ^#  ^t 
the  proof  is  not  cogent  m  the  face  of  our  ignorance  of  the  meta-    — .^q- 
bolic  changes  which  the  proteid  material  of  food  undergoes  in  the  ^^me 
body.     As  we  shall  insist  upon  in  more  detail  later  on,  proteid  JEi^jd 
material  in   giving  rise   to   urea   throws  off  somewhere  in  the^^Mne 
body   a   large  quantity  of  a  carbon-containing  radicle   in  some^^M^e 
combination  or  other ;  the  proteid  contains  far  more  carbon  thsxiMZM'^m.u 
is  needed  to  unite  with  the  nitrogen  to  form  urea.     We  shalFf  ^dl 
see  that  this  excess  of  carbon  has  a  tendency  to  appear  in  the^j^^^^ie 
form  of  fat,  but  we  may  readily  suppose  that  it  might  temporarilj^.X-ly 
as  a  preliminary  process  or  under  certain  circumstances  take  0E3r^=z>n 
the  form  of  sugar.     And  we  may  further  suppose  that  the  sugar  i»  i      is 
formed  out  of  tne  proteid  not  in  the  liver  but  in  some  other  tissue^^  -^le, 
in  muscle  for  instance.     But  if  so,  hepatic  glycogen  which  is  th^-^r^'he 
result  of  proteid  food,  may  after  all  be  formed  in  the  liver  b^^^Jby 
simple  dehydration  of  sugar  formed  elsewhere,  and  brought  to  th^^mrM^he 
liver  in  the  portal  blood. 

We  cannot,  we  say,  at  present  decide  between  these  two  view^s  '^i^s; 
and  indeed  it  may  be  that  both  views  are  true,  or  rather  that  th-^"^  h«? 
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true  conception  embraces  both  views.  It  may  be  that  the  normal 
Tiietabolism  of  the  hepatic  cell  docs  produce  a  certain  amount  of 
carbohydrate  material ;  but  if  so  the  probability  is  that  the  exact 
form  in  which  that  carbohydrate  appears  in  the  first  instance  in 
the  laboratory  of  the  cell  is  not  that  of  glycogen  but  of  sugar  of 
fioine  kind  or  other,  and  that  the  conversion  into  glycogen  is  a 
subsidiary  act  for  the  purpose  of  retaining  the  carbohydrate 
material  in  the  grasp  of  the  cell.  If  this  be  the  case,  then  until 
it  has  been  shewn  that  there  is  something  peculiar  about  the 
sugar  thus  produced  by  the  cell  itself,  by  virtue  of  which  it  alone 
can  be  converted  by  the  cell  into  glycogen,  we  may  fairly  infer 
that  the  cell  might  also  convert  into  glycogen  sugar  passing  into 
the  interstices  of  the  cell-substance  from  the  portal  capillaries. 

§  462.  We  may  now  turn  to  another  question,  the  answer  of 
'which  is  in  a  measure  dependent  on  the  one  which  we  have  just 
discussed.  What  is  the  use  and  purpose  of  this  hepatic  glycogen  ? 
What  ultimately  becomes  of  the  glycogen  thus  for  a  while  stored 
up  in  the  liver  ? 

One  view  which  has  been  put  forward  is  as  follows.  We  have 
evidence,  as  we  shall  presently  learn,  that  a  great  deal  of  the  fat 
of  the  body  is  not  taken  as  such  in  the  food,  but  is  constructed 
anew  in  the  body  out  of  other  substances.  Both  carbohydrates 
and  proteids,  taken  in  excess  or  under  certain  circumstances,  lead 
to  an  accumulation  of  fat;  and  we  have  reason  to  believe  that 
carbohydrates  on  the  one  hand  and  the  carbon-holding  portions  of 
various  proteids  on  the  other,  may  by  some  process  or  other  be 
converted  into  fat.  And  it  has  been  suggestea  that  the  glycogen 
in  the  liver  is  a  phase  of  a  constructive  fatty  metabolism,  that  it  is 
material  on  its  way  to  become  fat. 

The  positive  evidence  in  favour  of  this  view  is  very  scanty ;  it 
is  almost  limited  to  the  facts  that  fat,  sometimes  in  very  large 
quantity,  is  found  in  the  hepatic  cells,  that  while  fat  itself  taken 
as  food  leads  to  no  increase  in  the  hepatic  glycogen,  carbohydrates, 
which  are  especially  fattening,  are  most  active  producers  of 
glycogen,  and  that  the  fat  present  in  the  hepatic  cells  seems  to 
be  increased  by  such  diets  as  naturally  increase  the  glycogen  in 
the  liver.  No  evidence  has  been  oflFered  as  to  the  occurrence  in 
the  hepatic  cell  of  any  of  the  several  steps  of  the  conversion  of 
glycogen  into  fat,  nor  indeed  has  it  been  suggested  what  those 
steps  are.  The  view  indeed  is  almost  exclusively  based  on  the 
supposed  proof  that  the  blood  of  the  hepatic  vein  contains  during 
life  no  sugar,  or  at  least  not  more  than  does  the  general  blood  or 
even  the  blood  of  the  portal  vein.  From  this  it  is  inferred  that  the 
glycogen  in  the  liver  is  not  lost  to  the  liver  by  becoming  converted 
mto  sugar  and  so  discharged  into  the  hepatic  blood,  and  therefore 
must  be  converted  into  some  other  substance,  which  substance  is 
presumably  fat.  But  this  line  of  argument  is  one  which  cannnot 
safely  be  trusted.     On  the  one  hand  it  has  been  maintained  both 
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by  older  and  more  recent  observers  that  the  blood  of  the  hepatic 
vein  under  normal  conditions  is  richer  in  sugar  than  the  blood  of 
tlie  portal  vein  or  indeed  of  any  other  part  of  the  vascular  system  ; 
and  this  has  been  regarded  as  an  indication  that  the  liver  is 
always  engaged  in  discharging  a  certain  quantity  of  sugar  into 
the  hepatic  veins.  On  the  other  hand  others  maintain  that  the 
blood  in  the  hepatic  vein,  if  care  be  taken  to  keep  the  animal  in  a 
perfectly  normal  condition,  contains  no  more  sugar  than  does  the 
blood  of  the  right  auricle  or  of  the  portal  vein,  and  indeed  that 
the  liver  itself,  if  examined  before  any  post-mortem  changes 
have  had  time  to  develope  themselves,  is  absolutely  free  from 
sugar. 

Normal  hepatic  blood  may  be  obtained  by  means  of  an  ingenious 
catheterisation.  This  consists  in  introducing  through  the  jugular  vein, 
into  the  superior,  and  so  into  the  inferior  vena  cava,  a  long  catheter, 
constructed  in  such  a  manner  that  the  vena  cava  can  at  pleasure  be 
plugged  below  the  embouchement  of  the  hepatic  veins,  and  blood  so 
drawn  exclusively  from  the  latter;  or  vice  versa. 

Now  the  quantitative  determination  of  sugar  in  blood  by  any 
of  the  methods  as  yet  suggested  is  open  to  many  sources  of  error. 
And  when  the  quantity  of  blood  which  is  continually  flowing 
through  the  liver  is  taken  under  consideration,  it  is  obvious  that 
an  amount  of  sugar,  which  in  the  specimen  of  blood  taken  for 
examination  fell  within  the  limits  of  error  of  observation,  might 
when  multiplied  by  the  whole  quantity  of  blood,  and  by  the 
number  of  tmies  the  blood  passed  through  the  liver  in  a  certain 
time,  reach  dimensions  quite  sufficient  to  account  for  the  conversion 
into  sugar  of  the  whole  of  the  glycogen  present  in  the  liver  at  any  ^^  ly 
given  time.  Hence  we  may  safely  conclude  that  the  comparative  ^^  'ic 
analysis  of  hepatic  and  portal  blood,  if  they  do  not  of  themselves  jss-^aes 
prove  that  the  liver  is  either  continually  or  at  intervals  converting  "^^  ^\g 
some  of  its  glycogen  into  sugar  and  discharging  this  sugar  into  the^^  Mn^ 
general  system,  are  at  least  not  sufficiently  trustworthy  to  disprove^^  -^^ve 
the  possibility  of  such  a  discharge  of  sugar  being  one  of  the  normalC-^^^  a' 
functions  of  the  liver.  Indeed  it  may  be  doubted  whether  any^-^-^i^y 
great  trust  can  be  laid  on  experiments  of  this  kind.  We  may  ad(fc>  ^'Id 
that  similar  experiments  have  led  one  observer  to  deny  wholly  thcc:^  .^-4e 
connection  between  the  sugar  which  may  be  found  in  the  hepatio-c  :iic 
vein  and  the  glycogen  of  the  hepatic  cella 

Refusing  then  to  admit  the  validity  of  these  experiments  w^  -%^w'e 
may  regard  the  view  that  glycogen  is  simply  a  stage  in  the^  .*-fte 
formation  of  fat  as  not  proved  ;  and  indeed  we  shall  presently  8e^^^=^-^ 
reason  to  believe  that  fat  is  formed  elsewhere. 

Another  view,  one  which  has  already  been  suggested  while  w^  ^^^k^ 
were  dealing  with  the  manner  of  formation  of  glycogen,  makes  us*  ^ss,  ^^ 
of  the  formation  of  fat  for  the  purposes  of  analogy  only.  Seeing  M-^^^g 
that  adipose   tissue   serves  as  a  storehouse  of  fat  wnich  is  xioczf^  »oi 
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wanted  by  the  body  at  the  moment  but  may  be  wanted  presently, 
the  question  readily  presents  itself,  May  not  the  hepatic  glycogen 
haye  an  analogous  function  ?  May  we  not  regard  the  presence  of 
riycogen  in  the  liver  as  in  large  measure  due  to  the  fact  that  it  is 
deposited  there  simply  as  a  store  of  carbohydrate  material,  being 
accumulated  whenever  amylaceous  material  is  abundant  in  the 
alimentary  canal,  and  being  converted  into  sugar  and  so  drawn 
upon  by  the  body  at  large  to  meet  the  general  demands  for 
carbohydrate  material  during  the  intervals  when  food  is  not  being 
taken  ?  And  we  can  accept  this  view  without  being  able  to  say 
definitely  what  becomes  of  the  sugar  thus  thrown  into  the  hepatic 
blood.  It  was  formerly  believed  that  this  sugar  underwent  an 
immediate  and  direct  oxidation  as  it  was  circulating  in  the  blood 
but  we  have  already  dwelt  (§  359)  on  the  objections  to  such  a 
view.  It  is  sufficient  for  us  at  the  present  to  admit  that  the 
sugar  is  made  use  of  in  some  way  or  other. 

Now,  many  considerations  lead  us  to  believe  that  a  certain 
average  composition  is  necessary  for  that  great  internal  medium 
the  blood,  in  order  that  the  several  tissues  may  thrive  upon  it 
to  the  best  advantage,  one  element  of  that  composition  being  a 
certain  percentage  of  sugar.  It  would  appear  that  some  at  least  if 
not  all  of  the  tissues  are  continually  drawing  upon  the  blood  for 
sugar,  and  that  hence  a  certain  supply  must  be  kept  up  to  meet 
this  demand.  On  the  other  hand  an  excess  of  sugar  in  the  blood 
itself  would  be  injurious  to  the  tissues.  And  as  a  matter  of  fact 
we  find  that  the  quantity  of  sugar  in  blood  is  small  but  constant ; 
it  remains  about  the  same  when  food  is  beine  taken  as  in  the 
intervals  between  meals.  If  sugar  be  injectea  into  the  jugular 
vein  in  too  large  quantities  or  too  rapidly,  a  certain  quantity 
appears  in  the  urine,  indicating  an  effort  of  the  system  to  throw 
off  the  excess  and  so  bring  back  the  blood  to  its  average  con- 
dition. The  maintenance  of  such  a  constant  percentage  of  sugar 
would  obviously  be  provided  for  or  at  least  largely  assisted  by 
the  liver  acting  as  a  structure  where  the  sugar  might  at  once 
and  without  much  labour  be  packed  away  in  the  torm  of  the 
less  soluble  glycogen,  at  those  times  when,  as  during  an  amylaceous 
meal,  sugar  is  rapidly  passing  into  the  blood,  and  there  is  a 
danger  of  the  blood  becoming  loaded  with  far  more  sugar  than 
is  needed  for  the  time  being;  and  it  may  be  incidentally  noted 
that  a  larger  quantity  of  sugar  may  be  injected  into  the  portal 
than  into  the  jugular  vein  without  any  reappearing  in  the  urine, 
apparently  because  a  large  portion  of  it  is  in  such  a  case  retained 
in  the  liver  as  glycogen.  At  those  times,  on  the  other  hand,  when 
we  may  suppose  that  sugar  ceases  to  pass  into  the  blood  firom 
the  alimentary  canal,  the  average  percentage  in  the  blood  is  main- 
tained by  the  glycogen  previously  stored  up  becoming  reconverted 
into  sugar,  and  being  slowly  discharged  into  the  hepatic  blood. 

Moreover,  this  view,  that  the  glycogen  of  the  liver  is  a  reserve 
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fund  of  carbohydrate  material,  is  strongly  supported  by  the  analog}' 
of  the  migration  of  starch  in  the  vegetable  kingdom.  We  know 
that  the  starch  of  the  leaves  of  a  plant,  whether  itself  having 
previously  passed  through  a  glucose  stage  or  not,  is  normally 
converted  into  sugar,  and  carried  down  to  the  roots  or  other  parts, 
where  it  frequently  becomes  once  more  changed  back  again  into 
starch. 

But  in  thus  putting  prominently  forward  the  value  of  the 
hepatic  glycogen  as  a  storehouse  of  carbohydrate  material,  we 
must  not  forget  that  the  whole  of  the  store  is  not  necessarily 
destined  for  other  tissues  than  the  liver ;  it  may  be  made  use  of 
in  part  by  the  hepatic  cell  itself.  The  storing-up  of  glycogen  is 
only  one  of  the  many  functions  of  the  hepatic  cell.  We  shall 
presently  bring  forward  evidence  as  to  the  occurrence  in  the 
hepatic  cell  of  metabolic  processes,  in  addition  to  those  more 
directly  concerned  with  the  secretion  of  bile  and  the  deposition  of 
glycogen.  It  may  be  that  part  of  the  hepatic  glycogen  is  in 
and  by  means  of  the  hepatic  cell  under  certain  circumstances 
converted  into  fat ;  and  this  would  explain  the  frequent  abundance 
of  fat  in  the  hepatic  cells.  But  it  will  be  observed  that  this  is  a 
very  diflferent  thing  from  maintaining  that  the  glycogen  is  wholly 
destined  to  become  fat.  The  position  which  we  are  expounding 
now  is  that  the  primary  purpose  of  the  glycogenic  function  is  to 
provide  a  store  of  glycogen  for  the  needs  of  the  body ;  by  virtue 
of  this  the  liver  holds  the  balance  as  it  were  between  the  carbo-  - 
hydrate  supply  and  demand  of  all  parts  of  the  body,  whatever  be  s 
the  purpose  served  bjr  the  carbohydrate  in  this  or  that  tissue;  ;^ 
and  all  we  are  adding  is  that  some  of  that  material  it  may  destine  -^^  ^e 
for  itself,  and  that  the  use  which  it  may  make  of  it  is  to  ^z^--o 
manufacture  fat. 

§  463.     Glycogen  is  found  in  other  parts  of  the  body  than  the-!^:^  -^^^ 
liver,   and   a  study   of    the   facts  relating  to   the    presence    ofi<::x>f 
glycogen  in  other  tissues  will  help  us  to  a  true  conception  of  the^^  ^ne 
purpose  of  the  hepatic  glycogen.     Next  to  the  liver,  the  skeletaiK^^^^ 
muscles  are  perhaps  the  most  conspicuous  glycogen  holders, 
frequently  is  glycogen  found  in  muscle  that  it  may  be  regarded 
an  ordinary  though  not  an  invariable  constituent  of  that  tissue;^ 
indeed  it  may  almost  be  considered  as  a  constituent  of  all  con- 
tractile tissues.     The  quantity  varies  very  largely  both  in  the  dif— ^^  -■'" 
ferent  muscles  of  the  same  animal  and  corresponding  muscles  ot^=^^  ^^ 
diflferent  animals.     It   disappears,  according  to  some   observera^s*"^*?' 
readily   upon    starvation,   even   before   the   hepatic  glycogen  i»-S_  .^ 
exhausted;  but  all  observers  are  not  agreed  on  this  point,  and  ic^'-*'  ^^ 
some  muscles,  at  least,  it  appears  to  be  retained  for  a  very  lon^^^^^S 
time.     It  is  said  to  be  increased  in  quantity  when  the  nerve  o^z^     ^' 
the  muscle  is  divided,  and  the  muscle  thus  brought  into  a  state  oc:>      ^' 
quiescence.     On  the  other  hand  it  diminishes  or  even  disappearar"::^^-^' 
being  apparently  converted  into  dextrose,  when  the  muscle  enters  ^^^w 
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^to  rigor  mortis.     Some  observers  have  found  that  it  diminishes 

r^Ting  tetanus,  and  maintain  that  it,  after  conversion  into  dextrose, 

^  Used  up  in  the  act  of  contraction,  forming  through  its  oxidation 

^e  immediate  supply  of  the  energy  set  free  in  the  contraction. 

-But  even  granting  that  the  glycogen  in  a  muscle  may  be  di- 

^'nished  during  prolonged  labour,  it  cannot  be  admitted  that  the 

Oxidation  or  other  chemical  change  of  glycogen  is  a  necessary  part 

of  the  ordinary  metabolism  of  a  muscular  contraction,  since  many 

niuscles  wholly  fret*  from  glycogen  are  perfectly  well  able  to  carry 

on  long-continued  contractions. 

Another  view  of  the  use  of  glycogen  in  muscle  is  suggested  by 
the  fiict  that  undeveloped  embryonic  muscles  are  peculiarly  rich 
in  glycogen.  In  a  young  embryo,  at  the  time  when  the  muscular 
substance,  though  undergoing  striation,  is  still  largely  'proto- 
plasmic *  in  nature,  the  quantity  of  glycogen  present  is  enormous ; 
it  frequently  amounts  to  40  p.c.  of  the  dry  material.  At  this 
period  the  hepatic  cells  are  immature  and  very  little  glycogen  is 
present  in  them.  Later  on,  as  the  muscles  become  more  wholly 
feKtriated,  the  glycogen  largely  disappears  fixjm  the  muscle,  and  very 
soon  afterwards  begins  to  be  stored  up  in  the  liver. 

The  meaning  of  this  can  hardly  be  mistaken.     The  glycogen 

in  the  immature  muscle  is  a  store  of  carbohydrate  material,  laid 

down  on  the  spot,  and  ready  at  once  to  be  used  in  what  we  may 

probably  call  the  fierce  metabolic  struggle  by  which  the  simple 

protoplasmic  cell-substance  of  the  rudiment  of  the  muscular  fibre 

IS  transformed  into  the  highly  diflFerentiated  striated  contractile 

substance.     And  we   shall  probably  not   err   in    considering  the 

glycogen  of  the  mature  muscle  to  hold  a  similar  position ;  it  is 

carbohydrate  material  stored  up  on  the  spot,  a  local  branch  so  to 

speak  of  the  great  carbohydrate  bank.     It  is  destined  to  become 

I>art  of  the  contractile  substance,  and  as  such  will  contribute  to  the 

energy  set  free  in  a  muscular  contraction ;  but  its  energy  is  only 

Available  in  this  way  after  it  has  undergone  the  necessary  meta- 

^lism  and  become  part  of  muscular  substance ;  it  cannot  be  fired 

^ff  in  a  contraction  while  it  lies  as  raw  glycogen,  or  even  as 

^^xtrose,   in   the   interstices  of  the   muscular  fibre.      We   have 

^'»>iady  (§  87)  discussed  in  part  the  metabolism  of  "contractile 

®^l>stance,"  and  shall  probably  again  return  to  it  later  on. 

§  464.  Glycogen  may  also  oe  found  in  considerable  quantity 
?^  tihe  placenta.  Here,  as  we  shall  see  in  a  later  part  of  this  work, 
^  is  laid  down  in  epithelial  cells  which  lie  on  the  boundary 
^tween  the  maternal  and  the  fcetal  tissues.     And  here  too  there 


be  little  doubt  that  it  is  a  store  of  carbohydrate  material  for 
^h^  nourishment  of  the  foetus. 

It  has  also  been  found  in  leucocytes,  in  cartilage  corpuscles, 
^^pecially  in  those  large  rapidly  growing  and  rapidly  multiplying 
^^^tilage  corpuscles  which  lie  in  the  outer  zone  of  endochondral 
^*^Bification,  and  in  other  situations.     In  cases  of  diabetes,  where 
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the  body  is  overloaded  with  carbohydrate  material,  it  has  been 
found  in  considerable  quantity  in  the  testis,  in  the  brain  and 
elsewhere.  Its  occurrence  in  these  situations,  and  under  these 
circumstances,  may  be  regarded  as  additional  evidence  of  the 
ti-uth  of  the  view  which  we  have  expounded  above  that  the  main 
purpose  of  the  deposition  of  glycogen  is  to  afford  a  store,  either 
general  or  local,  of  carbohydrate  material,  which  can  be  packed 
away  without  much  trouble  so  long  as  it  remains  glvcogen,  but 
which  can  be  drawn  upon  as  a  source  of  soluble  circulating  sugar 
whenever  the  needs  of  this  or  that  tissue  demand  it.  It  thus 
forms  a  very  complete  analogue  to  the  vegetable  starch,  and 
fitly  earns  the  name  of  animal  starch. 

We  have  some  reasons  for  thinking  that  there  are  several 
varieties  of  glycogen,  and  that  the  glycogen  which  exists  in  muscle 
is  not  quite  identical  with  that  which  occurs  in  the  liver.  Indeed 
there  seem  to  be  intermediate  stages  between  glycogen  and  starch 
or  dextrin.  The  physiological  value  of  these  differences  has  not 
yet  however  been  clearly  determined,  and,  with  this  caution,  we 
may  continue  to  speak  of  glycogen  as  a  single  substance. 

Diabetes. 

§  466.     Natural   diabetes  is  a  disease   characterized   by  th< 
appearance  of  a  large  quantity  of  sugar  in  the  urine,  due,  as  w< 
have  already  said,  to  the  presence  of  an  abnormal  quantity  o: 
sugar  in  the  blood.     Into  the  pathology  of  the  various  forms  o: 
this  disease  it   is  impossible   to   enter  here;   but  a   temponuy^ 
diabetes,  the  appearance  for  a  while  of  a  large  quantity  of  sugar  ' 
the  urine,  may   be   artificially  produced   in   animals   in   sevei 
waya  

If  the  medulla  oblongata  of  a  well-fed  rabbit  be  punctured  in^^'  in 
the  region  which  we  have  previously  described  (§176)  as  that  c^    of 
the  vaso-motor  centre  (the  area  marked  out  as  the  "  diabetic  area-^r^sa" 
agreeing  very  closely  with  that  defined  as  the  vaso-motor  area.^^E=zBa), 
though  the  animal  need  not  necessarily  be  in  any  other  way  obviousK^  ^y 
affected  by  the  operation,  its  urine  will  be  found,  in  an  hour  c^     or 
two,  or  even  less,  to  be  increased  in  amount  and  to  contain  a  coim^  "*u- 
siderable  quantity  of  sugar.     A  little  later  the  quantity  of  8U^»*   JAr 
will  have  reached  a  maximum,  after  which  it  declines,  and  in  a  Hum'    ny 
or  two,  or  even  less,  the  urine  will  be  again  perfectly  norm^s-^i. 
The  better  fed  the  animal,  or,  more  exactly,  the  richer  in  glycog^^^— ^n 
the  liver,  at  the  time  of  the  operation,  the  greater  the  amount         of 
sugar.     If  the  animal  be  previously  starved  so  that  the  liver  cu    -*fl- 
tains  little  or  no  glycogen,  the   urine  will  after   the   operati —  on 
contain  little  or  no  sugar.    It  is  clear  that  the  urinary  sugar  of  t^^iis 
form  of  artificial  diabetes  comes  from  the  glycogen  of  the  liv^<?r. 
The  puncture  of  the  medulla  causes  such  a  change  in  the  li^^er 
that  the  previously  stored-up  glycogen  disappears,  and  the  bl^ixwf 
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becomes  loaded  with  sugar,  much  if  not  all  of  which  passes  away 

by  the  urine.    In  the  absence  of  any  proof  to  the  contrary,  we  may 

assume    that   in  this  form   of   artificial  diabetes  the    glycogen 

previously  present  in  the  liver  becomes  converted  into  sugar,  just 

as  we  know  that  it  does  become  so  converted  by  post-mortem 

changes.     The  glycogenic  function  of  the  liver  is  therefore  subject 

to  the  influence  of  the  nervous  system,  and  in  particular  to  the 

influence  of  a  region  of  the  cerebro-spinal  centre  which  we  already 

know  as  the  vaso-motor  centre,  or  at  least  of  a  part  of  that 

region. 

Before  we  attempt  to  discuss  this  nervous  influence  we  must 
say  a  few  words  on  the  nerves  of  the  liver. 

§  466.  The  liver  is  supplied  with  nerves  from  the  hepatic 
plexus,  which  passes  into  the  liver  at  the  porta  and  running  in  the 
portal  canal  with  the  hepatic  artery  and  portal  vein,  is  distributed 
to  various  parts  of  the  organ.  This  plexus,  which  is  the  only 
nerve  supply  to  the  liver,  consists  partly  of  meduUated  and  partly 
of  non-medullated  fibres,  and  is  an  extension  of  the  great  solar 
plexus  already  often  mentioned.  Into  that  plexus  as  we  have 
already  seen  the  right  (posterior)  vagus  sends  the  greater  part  of 
its  fibres,  and  in  that  plexus  both  the  abdominal  splanchnic 
nerves,  major  and  minor,  end,  on  both  sides  of  the  bixiy.  The  left 
(anterior)  vagus  forms  slight  connections  only  with  the  solar 
plexus  but  sends  off  a  very  distinct  branch  directly  to  the  hepatic 
plexua  The  liver  therefore  has  nervous  connection  with  the 
central  nervous  system  by  both  vagus  nerves  and  by  the  (abdominal) 
splanchnic  nerves.  Besides  this  other  nerve-fibres  find  their  way 
tnrough  the  splanchnic  sympathetic  chain,  or  possibly  otherwise, 
to  the  solar  plexus  from  the  spinal  cord  without  taking  part  in 
either  of  the  splanchnic  nerves ;  and  these  may  perhaps  join  the 
hepatic  plexus. 

Concerning  the  destination  of  the  fibres  of  the  hepatic  plexus 
within  the  liver  we  know  little  or  nothing  definitely.  Some 
undoubtedly  supply  the  hepatic  artery  and  its  branches ;  but  we 
cannot  at  present  say  what  proportion  of  the  whole  number  of 
fibres  end  in  this  way.  Some  again  are  destined  for  the  bile  ducts, 
and  before  the  plexus  passes  into  the  liver  it  sends  fibres  to  the 
gall-bladder;  these  probably  end  in  the  muscular  coats  of  these 
organs.  Whether  any  of  the  nerve-fibres  end  in  the  remarkably 
muscular  coats  of  the  portal  vein,  or  whether,  as  theoretical  reasons 
would  perhaps  lead  us  to  suppose,  some  are  connected  with  the 
hepatic  cells  we  do  not  for  certain  know,  though  some  obser\'ers 
have  claimed  to  have  traced  nerve-fibres  directly  into  the  hepatic 
cells. 

§  467.  With  regard  to  the  exact  nature  of  the  influence 
started  by  the  puncture  of  the  medulla,  and  the  path  by  which 
that  influence  reaches  the  liver,  our  information  is  at  present  verj' 
imperfect.     One   thing  seems  clear,  viz.   that   the  influence   in 
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question  is  not  carried  down  by  the  main  vagus  trunks;  for  not 
only  has  the  section  of  both  these  nerves  in  the  neck  no  marked 
effect  in  the  way  of  producing  diabetes ;  but  the  *  diabetic  punc- 
ture' of  the  medulla  oblongata  is  as  efficient  after  division  of 
both  vagus  nerves  as  before.  Seeing  how  close  to  or  almost 
identical  with  the  vaso-motor  centre  is  the  diabetic  centre  if  we 
may  use  the  phrase,  it  seems  natural  to  suppose  that  the  undue 
conversion  of  glycogen  into  sugar  which  follows  the  puncture  is 
the  result  of  some  vaso-motor  disturbance  in  the  liver,  for  instance 
dilation  of  the  hepatic  artery.  But  we  have  no  clear  proof  that 
this  is  the  true  explanation,  and  indeed  if  the  phenomena  are  the 
result  of  the  failure  of  normal  vaso-constrictor  impulses,  those 
impulses  do  not  reach  the  liver  by  the  tract  which  we  should 
suppose  them  naturally  to  take,  viz.  from  the  vaso-eonstricto; 
region  of  the  cord  through  the  splanchnic  nerves,  for  division  o 

the  splanchnic  nerves  even  on  both  sides  does  not  cause  diabetes 

Moreover  that  the  eflFects  are  not  due  to  vaso-dilator  results 
shewn  by  the  fact  that  strychnia  poisoning  produces  diabetes  i 
frogs,  and  produces  it  by  rapidly  hurrying  into  sugar  the  hepati 
store  of  glycogen.     Now  in  strychnia  poisoning  the  blood  vesse' 
are  constricted,  not  dilated,  their  muscular  fibres  like  the  skele 
muscles  being  thrown  into  contraction  by  the  action  of  the  poison^ 

The  vascular  relations  of  the  liver  are  it  is  true  peculiar,  th^ 
small  hepatic  artery  contrasting  with  the  wide  portal  vein ;  and  i 
may  be  that  the  diabetic  effects  are  contingent  not  so  much  o=r 
the  absolute  account  of  constriction  or  dilation  of  the  hepati 
artery,  as  on  the  relation  of  the  flow  through  that  artery  to  th 
flow  through  the  portal  vein.  Indeed  in  support  of  this  view  ma 
be  adduced  the  statement  that  section  of  both  splanchnic 
not  only  does  not  cause  diabetes  but  prevents  the  usual  effects 
the  diabetic  puncture ;  and  this  has  been  interpreted  as  ehewiite_  g 
that  the  increased  portal  flow  thus  induced  counterbalances  tfa^^^ 
effects  of  dilation  of  the  hepatic  artery.  But  we  have  at  preseimat 
no  exact  information,  and  there  is  as  yet  nothing  distinctly  ^fc>o 
negative  the  view  that  in  this  artificial  diabetes  the  nervom^sis 
influence  is  brought  to  bear  on  the  hepatic  cell  itself. 

There  are  some  facts  which  seem  to  shew  that  the  path      ^>f 
this   nervous   influence  on   its  way  to  the  liver  from  the  spin^^e^l 
cord  passes  through  the  first  thoracic  ganglion,  ganglion  stellaturmi ; 
but  how  it  reaches  the  hepatic  plexus  from  this  ganglion  is  whol  Iv 
unknown. 

§  468.  A  temporary  diabetes  may  be  brought  about  by  t^^^ 
administration  of  the  substance  phloridzin.  This  however  i&  ^ 
glucoside,  and  part  of  the  sugar  which  appears  in  the  urine,  aPt 
a  dose  of  it,  may  come  direct  from  tne  drug  itself;  but 
quantity  of  sugar  discharged  is  too  great  to  be  accounted  for  i^ 
this  way,  and  similar  diabetic  effects  are  produced  by  the  admLx^*" 
stration  of  phloretin,  a  derivate  of  phloridzin,  not  a  glu      '  ^^ 
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not  giving  rise  to  sugar  by  its  o\vn  decomposition.     The  sugar 

Mrlxich  appears  in  the  urine  after  a  dose  of  this  substance  seems  to 

come  in  part  at  least  from  the  hepatic  store  of  glycogen  when 

xliSLt;  is  present ;  but  the  drug  will  give  rise  to  sugar  in  the  urine 

of  starving  animab,  from  whose  livers  (and  other  tissues)  glycogen 

i»    j>resumably  absent.     In  such  cases  the  dnig  appears,  in  some 

vray  or  other,  to  either  stir  up  the  hepatic  cells  to  a  manufacture 

of   sugar  (and  this  fact  is  worth  remembering  in  relation  to  the 

<liscus8ion  which  we  lately  entered  into  (§461)  as  to  the  nature  of 

the  formation  of  glycogen)  or  to  produce  sugar  out  of  some  of  the 

other  tissues  of  the  body. 

Artificial  diabetes  is  also  a  prominent  symptom  of  urari  poison- 
^^^g".  This  is  not  due  to  the  artificial  respiration,  which  is  had 
'^course  to  in  order  to  keep  the  urarised  animals  alive ;  because, 
though  disturbance  of  the  respiratory  functions  suflScient  to  inter- 
fej^  with  the  hepatic  circulation  may  produce  sugar  in  the  urine, 
Artificial  respiration  may  with  care  be  carried  on  \Wthout  any 
making  its  appearance.  Moreover,  urari  causes  diabetes  in 
I,  although  in  these  animals  respiration  can  be  satisfactorily 
^^^Tiied  on  without  any  pulmonary  respiratory  movements.  The 
^^act  way  in  which  this  form  of  diabetes  is  brought  about  has  not 
y^t  been  clearly  made  out. 

A  very  similar  diabetes  is  seen  in  carbouic  oxide  poisoning; 
A^d  is  one  of  the  results  of  a  suflScient  dose  of  morphia,  of  amyl- 
*^ trite  and  of  some  other  drugs. 

There  can  be  no  doubt  that  in  diabetes,  arising  from  whatever 

^^Use,  the  sugar  appears  in  the  urine  because  the  blixxl  contains 

**^<>i^  sugar  than  usual.     The  system  can  only  dispose  (either  by 

Oxidation,  or  as  seems  more  probable  in  other  ways)  of  a  certain 

Sl^antity  of  sugar  in   a  certain   time.     Sugar  injected  into   the 

Jugular  vein  reappears  in  the  urine  whenever  the  injection  becomes 

^^  rapid  that  the  percentage  of  sugar  in  the  blood  reaches  a  certain 

V*ow)  limit.     Sugar  in  the  urine  means  an  excess  of  sugar  in  the 

^looi     How  in  natural   diabetes   that  excess  arises   has  not   at 

Present  been  clearly  made  out.     It  may  be  that  some  forms  of 

^labetes  resemble  the  artificial  diabetes  just  described  as  resulting 

*roui  puncture  of  the  medulla,  and  arise  from  a  too  rapid  con- 

^^rsion  of  the  hepatic  glycogen,  or  from  carbohydrate   material 

*ailxijg  to  be  stored  up  as  glycogen,  or  from  an  excessive  manu- 

^'^ture  of  carbohydrate  material  by  the  hepatic  cells.     All  fonns 

^^  diabetes  however  cannot  be  satisfactorily  explained  in  this  way; 

'^^^d  it  has  been  suggested,  though  adequate  proof  has  not  yet  been 

**^Pplied,  that  the  sugar  of  diabetes  is  of  a  peculiar  nature  and 

*^<iUmulates  in  the  blood  because  it  is  unable  to  undergo  those 

P^^nges,  whatever  they  be,  which  befall  the  uonnal  sugar  of  the 

*^^od.     We  cannot  here  discuss  the  subject  in  detail ;  but  there  is 

^^ch  to  be  said  in  favour  of  the  view  that  the  sources  of  the 

^^5^88  of  sugar  in    the  blood  may  be  various,  and   hence  that 
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several  distinct  varieties  of  diabetes  may  exist.  In  severe 
of  diabetes  the  aberrant  nature  of  the  metabolism  which  is  ] 
on  in  some  or  other  of  the  tissues  of  the  body  is  shewn  b 
appearance  of  abnormal  substances  in  the  urine.  Thus  ac 
is  frequently  present,  and  the  fatal  issue  of  certain  cases  has 
attributed  to  poisoning  hy  that  substance;  oxybutyric  acic 
other  various  organic,  chieBy  volatile,  acids  are  also  some 
present.  But  in  respect  to  these  and  other  abnormal  bodi( 
are  not  at  present  clear  whether  they  are  like  the  sugar  itsel 
products  of  an  abnormal  metabolism  which  is  the  root  oi 
disease,  or  whether  they  are  secondary  products,  that  is  to 
products  of  the  general  disordered  metabolism  induced  bj 
constant  presence  in  the  blood  of  an  excess  of  sugar.  We 
already  in  discussing  the  formation  of  glycogen  called  attenti 
the  fact  that  in  severe  cases  of  diabetes  the  sugar  must  h£ 
non-amylaceous  source;  and  the  fact  that  the  urea  is  incn 
(and  that  too  in  some  cases  in  ratio  with  the  sugar)  in  dial 
suggests  that  the  sugar  may  arise  from  proteids  which  have 
split  up  into  a  nitrogenous  (urea)  and  a  non-nitrogenous  m< 
and  so  points  out  the  way  in  which  proteids  may  be  a  soui 
glycogen. 

As  a  sort  of  converse  to  diabetes  we  may  mention  thai 
administration  of  arsenic  in  sufficient  doses  or  for  an  adequate 
prevents  an  accumulation  of  glycogen  in  the  liver  and  appcyn 
in  the  body  ^nerally,  whatever  be  the  diet  used.  The  prei 
of  the  metal  in  the  hepatic  cell  seems  to  prevent  the  cell-subs 
from  manufacturing  glycogen  either  from  carbohydrate  mal 
brought  to  it,  or  out  of  its  own  substance.  As  another  kii 
converse  we  may  also  state  that  the  administration  of  glyc4 
especially  through  the  alimentary  canal,  diminishes  the  effe 
the  diabetic  puncture,  or  of  morphia  or  other  poisoning,  in  h 
ing  on  the  hepatic  store  of  glycogen  into  sugar,  and 
diminishes  the  sugar  in  the  urine ;  the  presence  of  the  glyc 
in  the  hepatic  cell  appears  to  be  in  some  way  a  hindrance  t< 
conversion  of  the  glycogen  into  sugar.  Now  glycerine  inj» 
into  the  alimentary  canal  of  a  normal  animal  leads  to  an  inc 
of  glycogen  in  the  liver;  and  the  view  very  naturally  sug 
itself  that  this  increase  arising  from  the  glycerine  is  t 
explained  by  the  glycerine  inhibiting  in  some  way  a  nc 
conversion  of  the  glycogen  store  into  sugar  which  is  contin 
going  on,  and  thus  increasing  for  the  time  that  store. 


SEC.  3.     THE  SPLEEN. 


§  469.  The  Structure  of  the  Spleen.  We  may  now  take  up 
the  consideration  of  the  formation  of  the  constituents  of  bile,  a 
niatter  which  in  dealing  with  the  secretion  of  bile  (§  256)  we 
postponed-  Of  these  constituents  the  most  important  are  the 
**  bile  salts  "  on  the  one  hand,  and  the  bile  pigment  on  the  other. 
W'e  will  take  the  latter  first ;  but  since,  as  we  have  already  said 
(§  26)  the  bile  pigment,  bilirubin,  appears  to  be  derived  from 
haemoglobin,  and  since  the  spleen  seems  to  be  especially  concerned 
^J^  the  changes  which  haemoglobin  undergoes  in  the  body,  we  must 
^^'^t  turn  to  the  structure  of  that  organ. 

When  a  fresh  spleen  is  cut  across,  the  whole  interior  within  the 
^^11-defined  coat  or  capsule  presents  the  appearance  of  a  dark  red 
spongy  mass,  traversed  by  irregularly  disposed  paler  bands  or 
^^y^culcBy  and  mottled  by  the  presence  of  white  bodies  about  the 
®^e  of  a  pin's  head,  the  Malpighian  corpuscles,  also  irregularly 
^^Sposed.  The  whole  organ  is  very  soft,  and,  by  squeezing  or 
otherwise,  small  portions  of  the  red  spongy  mass  can  be  isolated  in 
?  Semi-fluid  pulpy  condition,  known  as  spleen-pulp.  The  redness 
^  obviously  due  to  red  blood  corpuscles;  and  it  is  clear,  at  the 
cutset,  that  the  spleen  possesses  an  unusually  large  supply  of  blood, 
^hich  moreover  seems  to  be  dLsposed  in  an  unusual  manner. 

When  by  a  stream  of  normal  saline  solution  driven  through  its 
^'easels  as  much  blood  as  is  possible  is  washed  away  from  the 
**pleen,  and  the  organ  is  subsequently  hardened  in  the  usual  way, 
Preferably  in  a  distended  condition,  sections  reveal  the  following 
'^^tures.  The  capsule  consists  of  an  outer  layer  of  connective 
^^ssue  covered  with  epithelioid  plates,  forming  the  peritoneal  coat, 
^^d  continuous  with  this  an  inner  deeper  layer,  composed  of 
^^tinective  tissue  with  networks  of  elastic  fibres  and  containing  a 
^rtain  number  of  bundles  of  plain  muscular  tissue ;  this  deeper 
*^y€r  of  the  capsule  gives  off  rounded  or  flatten<*d  bimdles  of  the 
^^^e  nature  as  itself,  which  pass  in  all  directions  into  the  interior 
^^  the  organ,  branching  and  anastomosing  freely:  th(»se  are  best 
developed  towards  the  side  or  hilus,  where  the  branches  of  the 
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splenic  artery  with  the  splenic  nerves  ent«r,  and  whence  the 
splenic  veins  issue.  The  mode  of  branching  is  irregular,  and  the 
branches  vary  in  size,  larger  trabeculse  giving  rise  to  smaller  ones, 
so  that  the  \vhole  interior  of  the  organ  is  divided  into  a  labyrinth 
of  irregular  communicating  chambers,  which  contain  in  the  fresh 
state  the  spleen-pulp  mentioned  above. 

The  basis  of  both  capsule  and  trabeculae,  small  and  great,  i 
connective  tissue  well  furnished  with  elastic  elements.     In  some 
animals,  as  for  instance  in  the  dog,  this  basis  is  so  richly  provided 
with  plain  muscular  fibres,  that  both  trabecular  and  capsule  (in  itSi^ 
deeper  layers)  seem  to  be  almost  entirely  composed  of  muscu 
tissue.     In   other   animals,   in    man   for  instance,   the    muscula: 
elements  are   much   more   scanty.     The   capsule   and  trabeculae 
small  and  great,  thus  form  a  sponge-like  fitimework,  which  bein^ 
elastic  can,  even  in  the  cases  where  the  muscular  fibres  are  scant} 
or  absent,  at  one  moment  be  distended  so  that  the  chambers 
capacious,  and  at  another  moment  can  by  virtue  of  its  elasticit 
shrink  so  that  the  chambers  are  reduced  in  size.     In  the  RnimRl 
in  which  muscular  fibres  are  abundant  still  greater  variations  o 
size  are  possible.     When  the  muscles  are   relaxed,  a  distending 
force,  such  as  is  furnished  by  the  pressure  of  the  blood-stream 
can   swell    out   the    framework   to  a   very  great   bulk;  and   a 
adequate  contraction  of  the  muscular  fibres  can  in  turn  squeez 
the  sponge-like  mass  into  veiy^  small  dimensions.     As  we  shal.' 
presently  see,  rhythmical  or  other  contractions  of  the  capsule  anc 
trabecular   labyrinth,   in    animals    in   which    these    are    largel 
muscular,  do  produce  remarkable  and  important  variations  in  th 
volume  of  the  spleen. 

§  470.     This  sponge-like  framework  of  capsule  and  trabecul 
reminds   one   of  the   structure   of  a   lymphatic  gland,   and   th 
resemblance   is   carried   still    further    by   the   chambers   of    th 
labyrinth  being  occupied  by  a  reticular  modification  of  connectiv 
tissue.     But  the  resemblance  is  superficial  only.     The  chambe 
marked  out  by  the  trabecular  of  the  spleen  are  wholly  irregul 
there  is  not,  as  in  a  lymphatic  gland,  any  distinction  between 
cortex  with  large  radiating  chambers  and  a  medulla  with  anast 
mosing  tubular  chambers;  the  trabeculae  are  closest  towards  t 
hilus,   but   othen^'ise   one   part    of   the   spleen,   as    regards   tb      i^ 
arrangement    of    trabecular,    is    like   any   other.     Moreover    t 
reticular   tissue   occupying  the    chambers    shews  no   distincti 
between   lymph-sinus   and   follicle,  is  not  exactly  like   the 
reticulum  of  the  one  or  the  coarse  reticulum  of  the  other,  but  of 
nature   distinct   from   each,  and  has  no   special   connection  wi 
lymphatics,  but  has  peculiar  relations  to  the  minute  blood  vesse 

Exci'pt  at  the  white  spots  occupied  by  the  Malpighian  corpuscl 
of  which  we  will  speak  presently,  the  splenic  reticulum  is  son 
what  coarse,  coarser  than  ordinary  adenoid  tissue  (§  259),  and  or^ 
a  large  part  of  the  spleen  is  made  up  of  branched  nucleated  ce 
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branches  of  which  are  membranous  and  flange-like  rather  than 

fils^mentous.     These  flanges  of  neighbouring  cells  join  with  each 

ot;Fk€r,  and  thus  form  a  labyrinthine  network,  the  walls  of  the  minute 

pa.ssages  of  which  are  formed  not  of  fibres  but  of  irregular  sheeta 

TLtx  some  parts  of  the  spleen,  however,  these  flange-like  processes  are 

x"er>  laced  by  fibres,  and,  the  bodies  and  nuclei  of  the  constituent 

cells  being  rare,   the    reticulum   appears    as    a    more    ordinary 

Xiculum  of  fine  fibres. 

The  bars  of  this  reticulum,  whether  flange-like  or  filamentous, 
at  the  edges  of  the  trabeculse  continuous  with  the  substance  of 
tite  trabecular;  the  smaller  trabeculae  break  up  into  the  reticulum, 
And  the  larger  trabeculae  are  fringed  with  processes  continuous 
^^vith  the  bars  of  the  reticulum.  Thus  the  coarser  network  of  the 
trabecular  system  is  continuous  with  the  finer  network  of  the 
i^ticulum. 

The   reticulum  of  the  lymphatic  gland  contained,  it  will  be 

J^^membered,  besides   fluid,   leucocytes,  these   being   crowded   in 

tht?  follicle   and   more   sparse  in  the  Ijrmph   sinus.     The  splenic 

'^ticulum  also   contains   leucocytes,  but   these   are   thrown   into 

the    background   by  the    large    number   of  red   corpuscles   with 

T'^hich  the  meshes  of  the  reticulum  are  crowded.     The  reticulum 

fact  is  filled  with  blood ;  and  peculiar  arrangements  exist  by 

hich  the  blood  gains  access  to  the  spaces  of  the  reticulum.    What 

spoke  of  above  as  *  spleen  pulp'  expressed  from  the  fresh  spleen 

consists  of  fragments  of  the  reticulum  together  with  the  red  and 

^hite  corpuscles  occupying  the  meshes  of  that  reticulum. 

§  471.  The  splenic  arteries  entering  the  spleen  at  the  hilus 
^'"e  in  some  animals  at  first  supported  by  the  trabeculse,  along 
^"hich  they  run  dividing  as  they  go,  but  the  branches  at  last  leave 
^he  trabecule  and  plunge  into  the  reticulum.  In  other  animals 
^^e  arteries  run  more  independent  of  the  trabeculae.  As  they  leave 
*'*^e  trabeculse,  or  towards  their  terminations,  the  small  arteries  are 
^pt  to  divide  into  pencils  of  small  twigs.  In  a  similar  manner 
^te  veins  may  be  traced  back  along  the  trabeculae,  small  and 
K^'eat,  along  which  they  are  gathered  up  from  smaller  veins 
^^^  the  reticulum;  but  the  veins  do  not  run  in  the  reticulum 
'^^  distinct  vessels  to  the  same  extent  that  the  arteries  do. 

In   the    reticulum   the    minute  arteries,   according    to    most 

^oservers,  are  not  continuous  in  the  usual  manner  with  veins  by 

*^_^ans  of  closed  capillaries;   but  a  peculiar  arrangement  is  met 

^'^th.    The  epithelioid  plates  forming  the  capillary  wall,  instead 

^*    l)eing  cemented  together  to  fonn  a  continuous  tubular  sheath, 

^*^  separate  from  each  other,  come  asunder  as  it  were,  and  thus 

^llow  the  lumen  of  the  capillary  or  rather  of  the  minute  artery  to 

n  out  into  the  splenic  reticulum ;  indeed  the  epithelioid  plates 

longer  retain  their  simple  spindle  shape,  but  becoming  branched 

y     J  irregular  are   transformed  into  the   cells   of  the   reticulum. 

^    this  way  the  channel  of  the  blood  vessel  becomes  continuous 
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with  the  lab)rrinth  of  the  splenic  reticulum ;  and  by  a  converse 
process  the  same  lab)rrinth  is  made  continuous  with  the  plexifonn 
beginnings  of  small  veins,  the  so-called  venous  sinuses,  which  end. 
in  the  veins  running  along  the  trabeculae. 

Thus  the  blood  flowing  along  the  splenic  artery  escapes  frornKzumi 
the  open  ends  of  the  minute  arteries  into  the  splenic  reticulum  -Mczm, 
and  is  gathered  up  from  the  reticulum  into  the  open  mouths  or  mzuoi 
minute  veins.  When  the  capsule  and  trabeculae  are  in  a  relaxed:^-— d 
condition  a  not  inconsiderable  portion  of  blood  thus  escapes  int<^-j^o 
the  reticulum  and  tarries  in  the  meshes  where  it  undergoes 
changes  of  which  we  shall  presently  speak :  when  the  capsule  an< 
trabeculae  are  contracted  and  shrunken,  the  blood  flows  in  s  a 
more  direct  manner  through  the  narrowed  channels  from  th 
arteries  into  the  veins. 

§  472.     The   lymphatic  vessels   of  the   spleen  are   not  vei 
numerous.     The   capsule   and   the   trabeculae   contain    Ijrmphatr  «:zjic 
plexuses  opening  into  lymphatic  trunks,  which  leave  the  hilus  wit,:^^'  th 
the   blood  vessels.     There  is,   however,  a  remarkable   IjTnphat  ^ 
development,  in   the  form  of  a  sheath  of  adenoid  tissue,  whi( 
accompanies   the   arteries  for  some  distance   as  they  leave   tl 
trabeculsB  and  with  which  the  lymphatic  vessels  of  the  trabecul 
are  connected.     So  long  as   the   arteries  are  running   along   tW  -^he 
trabeculae  this  adenoid  sheath  is  either  absent  or  extremely  scant, 
but  as  the  finer  arterial  branches  plunge  into  the  reticulum,  it 
so  increased  in  bulk  at  intervals,  and  especially  where  an  art< 
is  dividing  into  two,  as  to  form  an  oval  or  spherical  mass  visil 
to  the   naked  eye,  and  conspicuous  from  its  colour  because  t 
adenoid  tissue,  crowded  as  usual  with  leucocytes,  appears  white  or 

colourless  as  compared  with  the  dark  red  spleen  pulp.     These,         in 
fact,   are   the   Malpighian   corpuscles    spoken    of   above.      Ea^^ach 
Malpighian  corpuscle  is  a  more  or  less  globular  mass  of  aden^^>oid 
tissue,  crowded   with   leucocytes,  developed   in  the  aulventitia         of 
a  minute  artery  running   in  the   splenic  reticulum.     As  a  r-^wJe 
the  development  takes  place  on  one  side  of  the  artery,  so  tBnat 
the   rounded   Malpighian   corpuscle  seems  to  be   sitting  on  "^he 
artery.     Sometimes   the   development   takes  place   more   or  l-^«s 
regularly  on  all  sides  of  the  artery,  so  that  the  artery  appears     to 
pierce  and  run  through  the  rounded  mass,  which  is  then  cal  Jerf 
not  a  Malpighian  corpuscle  but  a  "  hyperplasic  spot " ;   and    "i^ot 
infrequently  the  artery  divides  in  the  middle  of  the  masa 

The  adenoid  tissue,  as  elsewhere  (§  259),  is  composed  of  a  fifle 
reticulum  crowded  ^^dth  leucocytes;  the  corpuscle  in  hct  cloe^'j 
resembles  a  solitary  gland  of  the  intestine  or  a  rounded  mas£9  of 
the  follicular  substance  of  a  lymphatic  gland.  But  it  differs  f5rODa 
these  structures  in  not  being  surrounded  by  any  distinct  lympJ^' 
sinus ;  at  the  circumference  the  true  adenoid  tissue  passes  suddenly 
into  the  coarser  splenic  reticulum.  The  artery  as  it  passes  throug*^ 
the  Malpighian  corpuscle  gives  off  to  it  fine  branches  which  fori*^  * 
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apillary  network  through  the  adenoid  tissue,  and  at  the  cireum- 
erence  open  out  into  the  lab)rrinth  of  the  splenic  reticulum, 
liese  Msupighian  corpuscles  are  so  numerous  that  in  a  section  of 
firesh  normal  spleen  the  dark  red  ground  of  the  splenic  substance 
ppears  quite  mottled  by  reason  of  the  white  dots.  Hence  no 
iconsiderable  portion  of  the  blood  reaching  the  spleen  finds  its  way 
ito  the  meshes  of  the  splenic  reticulum  after  passing  through, 
nd,  probably  after  acting  upon,  and  being  acted  upon  by,  the 
denoid  tissue  of  a  Malpighian  corpuscle. 

What  is  known  as  sdao-spleen  is  so  called  because  the 
falpighian  corpuscles  ^^oJ  enlarged  and  transparent,  in 
onsequence  of  the  leucocytes  undergoing  'lardaceous'  degene- 
Bition  ;  the  same  change  may  also  affect  the  adenoid  tissue  of  the 
mall  arteries  and  may  even  spread  to  the  spleen-pulp. 

§  473.  The  nerves  of  the  spleen  which  pass  into  the  organ  at 
lie  nilus  with  the  blood  vessels  are  derived  from  the  solar  plexus, 
'hey  consist  chiefly  of  non-meduUated  fibres  mingled  with  which 
re  a  few  meduUated  fibres.  Their  terminations  have  not  been  as 
et  exactly  made  out,  but  while  many  presumably  are  distributed 
0  the  blood  vessels  there  can  be  little  doubt  that  some  end  in  the 
apsule  and  trabeculae,  at  least  where  these  contain  muscular  tissue, 
nd  thus  bring  the  contractions  of  these  structures  under  the 
iiidance  of  the  central  nervous  system. 

The  centripetal  course  of  the  fibres  of  these  splenic  nerves  has 
.ot  yet  been  made  out  definitely ;  we  may  perhaps  safely  conclude 
hat  the  majority  are  derived,  like  the  fibres  distributed  to  the 
eighbouring  abdominal  organs,  from  the  dorsal  spinal  cord.  That 
he  vagus  also  contributes  fibres  is  very  probable. 

§  474.  When  the  so-called  spleen  pulp  is  examined  under  the 
dicroscope,  it  is  found  to  consist,  besides  the  branched  cells  and 
ibres  constituting  the  reticulum,  of  cells  which  may  be  described 
&  partly  red  corpuscles  and  partly  white  corpuscles  or  leucocytes. 
Ve  spoke  of  the  meshes  of  the  reticulum  as  being  filled  with 
ilood;  but  it  is  obvious  that  the  corpuscles  of  the  blood  must 
nove  less  readily  through  the  labyrinth  than  does  the  fluid  plasma, 
ind  that  hence  a  concentration  of  the  corpuscles  as  compared  with 
:he  plasma  must  take  place  in  the  meshes.  The  contents  of  the 
neshes  cannot,  properly  speaking,  be  called  blood,  but  are  rather 
Biggregations  of  corpuscles  with  a  relatively  small  quantity  of 
fluid. 

The  white  corpuscles  or  leucocytes  are  ver}'  various.  Some  are 
small,  like  the  leucocytes  of  a  Ijrmphatic  gland,  the  cell-substance 
being  scanty  relatively  to  the  nucleus.  Others  are  indistinguish- 
able from  the  ordinary  white  corpuscles  of  the  blood.  Others 
igain  are  large,  twice  as  large  as  an  ordinary  white  corpuscle  or 
ven  larger  than  this,  possess  more  than  one  nucleus,  and  contain 
a  their  cell-substance  numerous  refractive,  pale  yellow  or  colour- 
-S8  granules.     Some  of  these  larger  forms,  which  like  the  others 
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exhibit  amceboid  movements,  and  are   often   irregular  in  form, 
are    characterized    by  the    presence    in    their  ceU-8ubst£uice  of 

red  corpuscles,  sometimes  in  almost  a  natural  condition,  some 

times  more  or  less  irregular  in  shape  with  their  red  hsemoglobin 
changing  into  the  browner  hsematin,  and  sometimes  disintegratedJE=^^3( 
into  a  mass  of  brown  granules.     The  fluid  or  plasma  in  whichc~^^ 
these  cells  float  also  contains  besides   normal  red  corpuscles 
certain  number  of  red  corpuscles  in  various  stages  of  change, 
well   as   pigment    granules   which    appear  to    be    derived   fromr^ca^o] 
haemoglobin.     Obviously  a  certain  number  of  red  corpuscles  doXdo 
undergo  change  in  the  spleen,  but  whether  the  change  is  mainl}^  Jly 
effected  in  the  cell-substance  of  the  cells  just  mentioned,  or  takes  ^^»es 
place  in   the   plasma,  the  products  of  disintegration  being  sub^izCb- 
sequently  taken  up,  in  amoeboid  fashion,  by  the  cells  in  question  i  ^     jg 
not  as    yet   clear.     Besides   the  above,  in   the  spleen  of  youn£  ^^zsig 
animals,  nucleated  cells  with  hsemoglobin  holding  cell-substano^  r^^e, 
haematoblasts  (see  §  27),  have  been  described;  these  are  said  t  M    to 
appear  also  in  the  spleen  of  adults  after  very  great  loss  of  blood. 

§  475.     The  Movements  of  the  Spleen,     As  we  have  alreadFinij 
stated,  the  volimie  of  the  spleen  is  subject  to  considerable  variatiopr — is. 

After  a  meal  the  spleen  increases  in  size,  reaching  its  maximum  -m 
about  five  hours  after  the  taking  of  food ;  it  remams  swollen  f^^r 
some  time,  and  then  returns  to  its  normal  bulk.  In  certa — i5n 
diseases,  such  as  in  the  p}rrexia  attendant  on  certain  fevers 
inflammations,  and  more  especially  in  ague,  a  somewhat  simil 
temporary  enlargement  takes  place.  In  prolonged  ague  a 
manent  hj'pertrophy  of  the  spleen,  the  so-ciEdled  ague-cake,  occu 

The  turgescence  of  the  spleen  seems  to  be  due  to  a  relaxati 
both  of  the  small  arteries  and  of  the  muscular  tissue  of  the  capsi; 
and  of  the  trabeculae;  to  be,  in  fact,  a  vascular  dilation  accoE=^^' 
panied  by  a  local  inhibition  of  the  tonic  contraction  of  the  otb^ 
plain  muscular  fibres  entering  into  the  structure  of  the  organ,  t 
latter,  at  all  events  in  some  animals,  being  probably  the  mo 
important  of  the  two.     And  the  condition  of  the  spleen,  like  th».*** 
of  other  vascular  areas,  appears  to  be  regulated  by  the  centx":fiiJ 
nervous  system,  the  digestive  turgescence  being  birly  comparable 
to   the   flushed   condition   of   the   pancreas  and  of   the   gastrin 
membrane  during  their  phases  of  activity. 

The  application  of  the  plethysmographic  method  to  the  spleen^ 
carried  out  in  the  way  which  we  described  in  speaking  of  the 
kidney  (§  410),  enables  us  to  study  more  exactly  the  variations  in 
volume  which  the  organ  undergoes. 

A  *  spleen  curve  *  (Fig.  95)  taken  in  the  same  way  as  a  *  kidney 
curve  *  does  not,  in  the  dog  at  all  events,  shew  vsuiations  in  the 
volume  of  the  spleen  corresponding  with  the  pulse  waves.  The 
kidney  curve,  as  we  have  seen  (§  410),  gives  clear  indication^* 
of  each  heart-beat,  but  the  spleen  curve  shews,  besides  the  iBiger 
waves  of  which  we  shall  speak  directly,  only  undulations  due  to  th^r 
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respiratory  movements ;  and  these,  always  very  slight,  are  some- 
times not  visible.  In  other  words,  the  spleen  does  not  expand 
with  the  increase  of  blood-pressure  occurring  in  the  splenic  arteries 
after  each  heart-beat;  this  may  be  due  to  the  muscular  coat 
resisting  expansion.  Moreover  when  the  supply  of  blood  to  the 
spleen  is  wholly  and  suddenly  cut  off,  as  by  clamping  the  aorta, 
the  spleen  curve  sinks  very  slowly,  shewing  that  the  spleen  is 
diminishing  in  volume  not  suddenly  but  very  slowly.  The  path- 
way of  the  blood  through  the  splenic  reticulum  is  peculiar ;  and 
increase  or  decrease  in  the  volume  of  the  spleen  means  more  or 
less  blood  held  in  the  spleen  pulp,  not  necessarily  a  greater  or 
less  flow  of  blood  through  the  organ. 
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Fio.  95.    Normal  Splesn  Curve  frou  Doo.     (Bot.) 

The  upper  carve  is  the  spleen  curve  shewing  the  rhythmic  contractions  and 
mansions;  the  smaller  waves  ai-e  due  to  the  respiratory  movements.  The  lower 
^t^r>ve  is  the  blood-pressure  curve,  and  the  point  a  of  the  spleen  curve  corresponds  in 
^LXHe  to  the  point  b  of  the  blood-pressure  curve.  The  marks  on  the  time  curve 
^dow  indicate  seconds. 

Of  special  interest  are  the  large  slow  variations  of  volume 
'^hich,  besides  the  respiratory  undulations,  the  spleen  curve  usually 
^hews,  as  seen  in  the  figure.  Rhythmic  contractions  and  ex- 
pQAsions,  though  not  always  present,  frequently  make  their  appear- 
ance, each  contraction  with  its  fellow  expansion  lasting  in  the  cat 
^*^d  dog  about  a  minute,  and  recurring  with  great  regularity  for  a 
long  time ;  and  besides  these  the  volume  vanes  widely  from  time 
^  time.  There  can  be  little  doubt  but  that  the  rhythmic 
^aoriations  in  volume  are  due  in  these  animals  to  rhythmic  con- 
triactions,  with  intervening  relaxations,  of  the  muscular  trabecular 
^^^d  capsule ;  the  slower  variations  are  also  probably  due  to  the 
^rae  cause.  In  many  animals  the  contractility  of  the  splenic 
tissue  is  shewn  by  the  white  lines  of  constriction  which  appear 
vhen  the  electrodes  of  an  induction  machine  in  action  are  drawn 
over  its  surface ;  and  similar  lines  may  be  produced  by  mechanical 
stimulation  with  the  point  of  a  needle.     So  that  the  spleen  in 
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these  animals  may  be  considered  as  a  muscular  organ,  now  ex — 
panding  to  receive  a  larger  quantity  of  blood  and  now  contracting^^  jdi 
to  drive  the  blood  on  to  the  liver.     When  the  muscular  element^a^:^  ti 
are  scanty  in  or  absent   from   the   capsule   and   trabecular,  th< 
expansion  and  contraction  of  the  whole  organ  must  depend  alon< 
or  chiefly  on  variations  in  the  width  of  the  supplying  arteries^ 
We  have  evidence  moreover  that  the  muscular  activity  of  thai 
spleen,  whether  of  the  muscular  capsule  and  trabeculae  and  arteries 
combined  or  of  the  latter  alone,  is  under  the  dominion  of  th» 
nervous  system.   A  rapid  contraction  of  the  spleen  may  be  brough 
about  in  a  direct  manner  by  stimulation  of  the  splanchnic 
vagus  nerves,  or  in  a  reflex  manner  by  stimulation  of  the  centra^ — a! 
end  of  a  sensory  nerve;  it  may  also  be  caused  by  stimulatio'-^zLwn 
of  the  medulla  oblongata  with  a  galvanic  current  or  by  mearriKrjis 
of  asphyxia.     Though  the  matter  has  not  yet  been  fully  worke— ^^ed 
out,  we  have  already  suflSciently  clear  indications  that  the  flo-  -^zhdw 
of  blood  through  the  spleen  is,  through  the  agency  of  the  nervoL^-  ^us 
system,  varied  to  meet  changing  needs.     At  one  time  a  sma^^all 
quantity  of  blood  is  passing  through  or  is  being  held  by  tiMT  -he 
organ,  and   the   metabolic   changes  which   it   undergoes   in   tWT  whe 
transit   are    comparatively   slight.     At    another   time    a    larg-^^er 
quantity  of  blood  enters  the  organ,  and  is  let  loose,  so  to  spe^iw      it, 
into  the  splenic  pulp,  there  to  undergo  more  profound  change  ^es, 
and  afterwards  to  be  ejected  by  the  rhythmic  contractions  of  t'       ie 
muscular  trabeculae. 

It  is  further  obvious  that  these  changes  going  on  in  the  sple  -en 
must  have  an  important  influence  on  the  changes  going  on  in  t  ^e 
liver ;  it  cannot  be  of  indifiFerence  to  the  latter  organ  whether^  a, 
relatively  small  quantity  of  blood,  relatively  little  changed,  reactr^^s 
it  from  the  spleen,  or  whether  it  receives  a  relatively  large  quantm.  ty 
of  blood,  profoundly  altered  by  the  changes  which  it  has  undergc^  "^^^ 
in  the  spleen  pulp. 

§  476.     The  Chemical  Constituents  of  the  Spleeri,     Besides  D 
chemical  bodies  which  one  would  expect  to  find  in  a  vascul  - 
muscular  organ  full  of  blood,  the  spleen  contains  bodies,  lodg'*^^ 
apparently  in   the  spleen  pulp,  which   give  it  special  chemi^:^^^' 
characters.    One  of  the  most  important  of  these  is  a  special  prot*^  ^  ^ 
of  the  nature  of  alkali-albumin,  holding  iron  in  some  way  peculia-:*'^^' 
associated  with  it.     The  occurrence  of  this  ferruginous  prot^i*^^' 
accompanied   as   it   is  by  several   peculiar  but  at  present  littr-X*^ 
understood  pigments,  rich  in  carbon,  which  are  partly  present     i  ^ 
the  cells  spoken  of  above  and  partly  deposited  in  the  branch  *^^ 
cells  of  the  reticulum,  appears  to  be  connected  with  the  chang'*^**' 
undergone  by  the  haemoglobin  which  we  shall  presently  disci  i^=*^ 
The  inorganic  salts  of  the  spleen,  or  at  least  those  of  its  ash,  ii-*"*^ 
remarkable  for  the  large  amount  of  both  soda  and  phosphates,  ak^<' 
the  small  amount  of  potash  and  chlorides  which  they  contain,  th»-** 
diflfering  fix)m  those  of  blood-corpuscles  on  the  one  hand,  and  froi^ 
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those  of  blood-serum  on  the  other.  But  perhaps  the  most  striking 
feature  of  the  spleen-pulp  is  its  richness  in  the  so-called  ex- 
tractives. Of  these  the  most  common  and  plentiful  are  succinic, 
formic,  acetic,  but}nric  and  lactic  acids,  inosit,  leucin,  xanthin, 
hypoxanthin  and  uric  acid.  Tyrosin  apparently  is  not  present  in 
the  perfectly  fresh  spleen,  though  leucm  is :  both  are  found  when 
decomposition  has  set  in.  The  constant  presence  of  uric  acid  is 
remarkable,  especially  since  it  has  been  found  even  in  the  spleen 
of  animals,  such  as  the  herbivora,  whose  urine  contains  none. 

The  richness  of  the  spleen  in  these  extractives  is  an  indication 
of  the  importance  of  the  metabolic  events  with  which  the  organ 
has  to  do ;  but  it  will  be  more  profitable  to  discuss  what  goes  on 
in  the  spleen  in  connection  with  the  metabolic  changes  in  other 
parts  of  the  body,  in  the  liver  for  instance,  than  to  attempt  to  lay 
down  any  so-called  'functions'  of  the  spleen.  When  we  confine 
our  attention  to  the  spleen  itself  we  learn  very  little;  thus  the 
whole  organ  may  be  successfully  removed  without  any  very  obvious 
changes  m  the  economy  resulting.  We  may  return  therefore  to 
the  mscussion  of  the  formation  of  the  bilirubin  of  bile,  and  of  the 
changes  undergone  by  haemoglobin,  with  which  as  we  shall  see  the 
spleen  is  connected,  and  which  moreover  has  to  do  with  the 
formation  of  other  pigments. 


SEC.   4.     THE  FORMATION  OF  THE  CONSTITUENTS 

OF  BILK 

§  477.  Bile  Pigments.  After  extirpatiou  of  the  liver  ncy -^^^ 
accumulation  of  bile  pigment  or  bile  salts  takes  place  in  the  blooA-fc^*^ 
This  is  well  shewn  in  frogs,  which  survive  the  operation  for  som^^  -^^ 
considerable  time ;  but  the  same  results  have  been  obtained  icc^^  -•^ 
birds  (geese  and  ducks).  There  can  be  no  doubt  therefore  that^-^^^ 
these  substances  are  formed  in  the  liver  and  not  simply  withdrawBc:^^  ^^ 
from  the  blood  by  the  liver  in  some  such  way  as  we  have  seentfi^^^'^ 
reason  to  think  urea  is  withdrawn  from  the  blood  by  the  kidney. 

When  the  plasma  of  circulating  blood   is   made  to  cont^i 
haemoglobin  detached  from  the  corpuscles,  bile  pigment  frequently^ 
makes  its  appearance  in  the  urine.     The  presence  of  free  name 
globin  may  be  obtained  by  injecting  into  the  veins  a  solutio] 
of  haemoglobin  or  blood  made  'laky'  by  freezing  and  thawing^^ 

or  by  the  addition  of  a  small  quantity  of  bile  salts,  or  by  siniph' 

injecting  into  the  veins  a  quantity  of  distilled  water  or  a  smalL^ 
quantity  of  ether  or  chloroform  or  of  bile  salts,  all  of  which  tend- 
to  *  break  up '  red  corpuscles  and  set  free  haemoglobin.     A  siniilair 
result   occurs   in   poisoning   by   certain   drugs,  such  as  toluylen- 
diamine.     Under  these  circumstances  not  only  does  bile  pigment^ 
bilirubin,  make  its  appearance  in  the  urine,  but  the  quantity  of 
bilirubin  secreted  by  the  liver  is  increased.    Obviously  the  presence 
of  dissolved  haemoglobin  in  the  plasma  of  the  blood,  and,  pre- 
sumably more  especially  of  the  blood  reaching  the  liver  by  the 
portal  vein,  leads  to  an  increased  formation  of  bilirubin,  which 
takes  place  in  such  a  manner  that  the  whole  of  the  bilirubin 
so  formed  does  not  pass  into  the  bile  but  part  is  retained  in  or 
thrown  back  into  the  circulation  and  appears  in  the  urine. 

We  have  already  mentioned  the  chemical  connection  betw^een 
haemoglobin  and  bilirubin.  Haemoglobin,  after  the  detachment 
of  its  proteid  component  becomes  haematin  (C^H^N^FeO^).  By 
treatment  with  sulphuric  acid  or  otherwise  (§  351),  hsematm  may 
be  deprived  of  its  iron;  and  this  iron-free  haematin  (sometimes 
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called  haBmatoporphvrin)  is  said  to  have  the  composition  C^H^N  0^, 
differing  from  bilirubin  only  in  its  oxygen  and  hydrogen  (C^I^N^O^ 
+  2H,0-0  =  C„H  N^^*  Moreover  in  old  blood  clots  in  the 
body  the  haemoglobin  of  the  clot  becomes  in  time  transformed 
into  an  iron-free  body  which  has  been  called  hsematoidin,  but 
which  both  in  composition  and  in  reactions  appears  to  be  identical 
with  bilirubin. 

These  several  facts  lead  us  to  the  conclusion  that  the  bilirubin 
of  the  bile  is  simply  some  of  the  haemoglobin  of  the  blood  trans- 
formed by  the  throwing  off  of  its  proteid  and  its  iron  components. 
It  is  natural  to  suppose  that  the  transformation  takes  place  in 
and  is  effected  by  the  agency  of  the  hepatic  cells ;  and  tnis  view 
is  supported  by  the  fact  that  the  hepatic  cells  are  characterized  by 
containing  certain  peculiar  iron  compounds.  When  all  the  blood  is 
carefully  washed  out  of  the  liver  by  injection  through  the  blood 
vessels,  by  which  means  the  remaining  bile  is  got  rid  of  at  the 
same  time,  the  hepatic  substance  is  found  to  contain  a  small 
quantity  of  iron,  sufficient  to  give  the  cells  a  diffused  dark 
colour  when  treated  with  ammonium  sulphide ;  the  exact  amount 
appears  to  vary  largely,  but  the  causes  of  the  variation  have  not 
been  determined.  That  this  iron  is  in  organic  combination  is 
indicated  by  the  fact  that  with  potassium  ferrocyanide  and  sulpho- 
cyanide  the  blue  or  red  reaction  is  not  observed  until  after 
treatment  with  hydrochloric  acid.  Apparently  there  are  several 
such  compounds,  of  a  proteid  or  of  a  nuclein  (§  29)  nature,  from 
some  of  which  the  iron  is  more  easily  removed  than  others,  and 
these  compounds  appear  to  be  present  in  both  the  cell-subatance 
and  the  nucleus.  It  will  be  remembered  (§  244)  that  bile  contains 
a  distinct  quantity  of  iron,  which  probably  has  its  origin  in  the 
iron  thus  set  fi^e  from  haemoglobin  and  retained  in  the  hepatic 
cell ;  but  it  does  not  follow  that  all  the  iron  thus  set  free  makes 
its  way  into  the  bile ;  and  indeed  the  quantity  of  iron  discharged 
m  the  bile  in  24  hours  is  much  smaller  than  the  quantity  calcu- 
lated to  be  set  free  in  the  formation  out  of  haemoglobin  of  the 
quantity  of  bilirubin  discharged  during  the  same  period.  Ap- 
parently the  iron  compounds  of  the  hepatic  cell  have  some  other 
work  than  the  simple  discharge  of  iron  into  the  bile. 

The  fact  mentioned  above,  that  the  presence  of  free  haemoglobin 
in  the  blood  leads  not  only  to  an  increase  of  bilirubin  in  the  bile, 
but  also  to  its  presence  in  the  urine,  offers  some  difficulties ;  for  if 
'he  bilirubin  be  formed  out  of  haemoglobin  by  and  in  the  hepatic 
ell,  one  would  expect  to  find  that  the  whole  of  it  passed  into  the 
»ile,  and  that  it  could  not  appear  in  the  blood  and  so  in  the  urine 
rkless  reabsorption  from  the  oile  passages,  due  to  obstruction,  took 
lace ;  and  there  is  no  evidence  of  any  sufficient  obstruction  occur- 
^x^g  in  these  cases.     Indeed  the  presence  of  bilirubin  in  the  urine 

*  Doabling  the  formula  for  bilirubin  giveii  in  §  245. 
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in  these  cases  has  been  urged  by  some  as  an  argument  that  bill — ^Xi- 
rubin  is  formed  in  the  blood  or  at  least  elsewhere  than  in  the  liveis  ^^r 
and  is  simply  excreted  by  the  liver.     Not  only  however,  as  state<E:»^e^ 
above,  is  there  no  accumulation  of  bile  in  the  blood  after  extirpatio 
of  the  liver,  but  that  operation  prevents  the  appearance  of  bilirubi 
in  the  urine  as  a  consequence  of  the  presence  of  free  hsemoglobi 
in    the   blood.     The   phenomena  in   question    therefore   do   no 
disprove  that  the  bilirubin  is  formed  m  the  liver;  they  may  b* 
taken  however  to  shew  that  that  formation,  viewed  as  a  secretor^-riK:  ry 
act,  is  peculiar,  since  the  hepatic  cell  appears  under  certain  circura^r-M-a- 
stances  to  discharge   its   product   of  secretion   into  the  blood  ocl^-   or 
lymph  as  well  as  into  the  bile  passage& 

§  478.  We  may  assume  then  that  the  hepatic  cell  has  tkEifllie 
power  of  splitting  up  the  haemoglobin  brought  to  it,  and  c*  of 
discharging  part  as  bilirubin  while  it  retains  for  a  time  the  iro«:=:^-on 
component  in  some  organic  combination ;  and  if  we  further  assuujc^^M^me 
that  it  works  upon  the  entire  haemoglobin  we  may  presume  thcs  ..Mnat 
it  makes  some  subsequent  use  of  the  proteid  component.  But  aK"-^Fire 
we  justified  in  assuming  that  the  whole  work  is  done  by  lYrM'  -rhe 
hepatic  cells  ?  Are  we  to  conclude  that  bilirubin  is  manufacture^ ^nred 
by  some  act  of  the  hepatic  cells  which  includes  not  only  the  cor  ^Z3on- 
version  of  haemoglobin  into  bilirubin,  but  also  the  extraction  of 

the  haemoglobin  from  the  red  corpuscles  as  these  are  streamiiK-^Kiing 
slowly  through  the  lobular  hepatic  capillaries  in  close  contam^B^-zBCi 
with  the  hepatic  cells?  Now,  as  far  as  we  know  at  preseiK- ^:snt, 
haemoglobin  can  only  be  set  free  by  means  of  a  disintegrati*  ^  -ion 
of  the  corpuscles ;  we  have  no  instances  of  a  corpuscle  parti:"  -t  wing 
with  some  of  its  haemoglobin  and  proceeding  on  its  way  oth» 
wise  unchanged;  and  we  have  no  histological  evidence  of 
disintegration  of  red  corpuscles  in  the  liver  corresponding  to 
formation  of  bile.  Nor  can  we  draw  any  conclusion  frx>m 
results  of  a  comparative  enumeration  of  red  corpuscles  in 
portal  and  hepatic  blood,  for  these  are  too  insecure  to  rest 
conclusion  upon.  On  the  other  hand,  as  we  have  just  seen, 
presence  in  the  plasma  of  the  blood  of  haemoglobin  in  a  free  c^ 
dition  is  peculiarly  potent  in  exciting  the  formation  of  biliru 
The  evidence  therefore  is  very  strong  for  the  view  that,  as  £Eur  as  ' 
formation  of  the  greater  part  at  least  of  the  bilirubin  is  concenrr^iJec/, 
the  action  of  the  hepatic  cell  is  limited  to  converting  into  biliru—^  bin 
the  free  haemoglobin  offered  to  it  by  the  portal  blood. 

By  what  means,  under  normal  conditions,  is  the  pre8ence=?'  of 
that  free  haemoglobin  secured  ?     We  have  seen  reason  (§  47^  )  to 
conclude  from  histological  appearances  that  a  certain  numbe^rof 
red  corpuscles  undergo  change  in  the  spleen  pulp;  and  it  se*?ffls 
natural  to  infer  that  one  duty  of  the  spleen  is  to  set  free  haBnio- 
globin  from  the  corpuscles  and  thus,  through  the  splenic  veins  Bnd 
so  the  portal  vein,  to  supply  the  liver  with  material  for  bilinibiu- 
But  this  cannot  be   the  only  source,  since  the  secretion  of   M^ 


*^  ^ 
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continues  after  extirpation  of  the  spleen.  There  must  therefore  be 
other  regions  of  the  body  in  which  a  similar  chancre  of  red  corpuscles 
is  going  on ;  it  has  been  suggested  that  the  red  marrow  of  bones 
is  one  of  these ;  but  further  information  on  these  points  is  needed. 

Assuming  that  under  normal  circumstances  the  chief  supply  of 
material  for  the  manufacture  of  bilirubin  comes  from  the  spleen, 
the  question  arises,  Does  that  material  leave  the  spleen  in  the  form 
of  hsemoglobin,  or  does  the  spleen  still  further  assist  in  the  matter, 
by  effecting  some  preliminary  change  in  the  haemoglobin,  by 
converting  it  for  instance  into  a  proteid-less  haematin-like  body  ? 
And  the  same  question  may  be  also  applied  to  the  other  tissues 
which  may  similarly  provide  material.  Our  knowledge  is  at 
present  insufficient  to  furnish  a  satisfactory  answer  to  such  a 
question. 

We  may  then  go  so  far  as  to  say  that  the  bilirubin  of 
the  bile  is  derived  from  the  haemoglobin  of  the  blood,  and  that 
the  later  stages  of  the  transformation,  including  the  discharge  of 
the  iron  of  the  haematin  component,  take  place  in  and  by  means 
of  the  hepatic  cell ;  but  much  beyond  this  is  at  present  uncertain. 
It  must  be  remembered  too  that,  though  after  extirpation  of 
the  liver  no  accumulation  of  bilirubin  takes  place,  shewing  that 
the  bilirubin  is  formed  by  the  liver  and  not  elsewhere ;  yet  the 
whole  change  frt>m  red  corpuscle  to  bilirubin  may  occasionally 
take  place  quite  apart  from  the  liver,  as  shewn  by  the  presence  of 
hsematoidin  in  old  blood-clots. 

§  479.  The  formation  of  the  hile-acids.  About  this  we  know 
still  less.  Taking  glycocholic  and  taurocholic  acids  as  the  typical 
bile  acids,  recognizing;  (§  246)  that  these  arise  from  the  union 
of  cholalic  acid  with  glycin  and  taurin  respectively,  and  re- 
membering that  taurin  is  found  in  several  tissues,  and  that 
glycin  (see  §  419)  though  not  an  actual  constituent  of  any  of 
the  tissues  must  certainly  arise  in  tissue  metabolism,  we  may 
conclude  that  the  chief  work  in  this  respect  of  the  hepatic 
cell  is  to  provide  the  cholalic  acid,  and  to  effect  the  combination 
with  glycin  and  taurin,  though  possibly  some  amount  of  either 
one  or  the  other  of  these  bodies  may  be  furnished  by  the 
hepatic  substance  itself.  As  to  how  cholalic  acid  arises  out  of 
the  metabolism  of  the  hepatic  cell  we  know  no  more  than  we 
do  about  the  formation  of  kreatin  in  muscle  or  of  pepsin  in  a 
gastric  cell.  We  are  equally  ignorant  about  the  origin  of  glycin 
and  taurin,  and  cannot  explain  why  in  one  animal  glycocholic, 
and  in  another  taurocholic  acid  is  prominent  in  the  bile,  though 
the  two  bodies,  as  shewn  especially  by  the  presence  of  sulphur 
in  the  taurin,  are  widely  different.  It  has  been  observed 
that  the  presence  of  bile  in  the  intestine  seems  to  excite  the 
liver  to  increased  biliary  action ;  since  the  bile-acids  are  rapidly 
changed  in  the  intestine  and  the  cholalic  acid  speedily  altered,  it 
Seems  probable  that  the  increased  biliary  activity  is  due  to  the 
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absorption  of  the  glycin  and  taurin  respectively.  From  which 
we  may  conclude  that  the  presence  of  these  bodies  stirs  up  the 
hepatic  cell  to  an  increased  formation  of  cholalic  acid. 

§  480.     As  a  general  rule  the  formation  of  bile  acids  runs 
parallel  with  the  formation  of  bile  pigment,  an  increase  or  de- 
crease of  bile  meaning  an  increase  or  decrease  of  both  constituents. 
But  there  €u*e   some   facts  which   seem   to  shew   that   the  two 
actions  may  be  dissociated.     The  condition  or  s3rmptom  known  as- 
'jaundice '  is  essentially  an  excess  of  bilirubin  in  the  blood,  whereby 
the  tissues  such  as  the  skin,  and  the  fluids  such  as  the  urine  are- 
coloured  with  the  yellow  pigment.   In  most  of  the  maladies  of  which 
jaundice  is  a  symptom,  there  is  evidence  of  an  obstruction  to  th^ 
flow  of  bile  through  the  bile  passages ;  and  the  presence  of  bile  in. 
the  blood  and  hence  in  the  tissues  at  large  is  in  such  cases  due* 
to  the  fact  that  the  bile  after  secretion  by  the  hepatic  cells  is^ 
reabsorbed  from  the  bile  ducts,  see  §  256. 

But  in  certain  cases  where  jaundice  is  a  prominent  symptom^ 
no  evidence  of  any  obstruction  whatever  to  the  flow  of  bile  can  b^ 
obtained.     This  is  the  case  in  the  jaundice  of  yellow  fever  and  of 
peculiar  allied  malady  known  as  'acute   yellow  atrophy  of  th 
liver/     Now  in  these  cases  there  is  no  evidence  of  an  accumu- 
lation in  the  blood  or  elsewhere  of  bile-acids  as  there  is  of  bile- 
pigment.     And  in  the  obscure  malady  known  as  simple  or  idio- 
pathic jaundice,  in  which  though  the  anatomical  conditions  aj 

unknown  there  is  at  least  no  sim  of  obstruction,  the  urine  though 

loaded  with  bile  pigment  is  said  to  contain  no  bile  acids. 

It  has  been  supposed  that  these  cases  afford  proof  that  the  biW    - 
may  be  formed  elsewhere  than  in  the  liver.    In  face  however  of  th 
arguments  brought  forward  in  the  preceding  paragraphs,  they  cannc=3Ci^t 
be  accepted  as  proof  that  the  normal  formation  of  bilirubin  is 
carried  on ;  nor  is  there  any  evidence  to  shew  that  in  these 
bilirubin  is  formed  on  a  plan  wholly  different  from  the  normi 
And  a  different  explanation  seems  possible.   We  may  suppose  th^ 
in  these  cases  the  metabolic  activity  of  the  hepatic  cells  is  modifier 
and,  further,  so  modified  as  while  cSecting  largely  the  formation 
bile  salts  and  other  functions  of  the  hepatic  cells,  only  partially 
affect  the  formation  and  discharge  of  bilirubin,  to  affect  indeed 
discharge  rather  than  its  formation.    That  in  acute  yellow  atropl 
the  functions  of  the  cells  are  greatly  affected  is  not  only  indicat 
by  post  mortem  histological  appearances,  but  is  also  shewn,  as  ' 
shall  presently  have  occasion  to  point  out,  by  the  substitution 
leucin   and   tyrosin   for   urea  in   the   urine.      We   have 
commented  on  the  fact  that  there  is  something  peculiar  in 
action  of  the  hepatic  cell  in  secreting  bilirubin  inasmuch  as 
bilirubin  so  formed  may,  under  certain  circumstances,  in  part 
from  the  cell  itself  into  the  blood  instead  of  into  the  bile 
And  we  may  perhaps  explain  the  jaundice  of  the  diseases  un* 
discussion  by  supposing  that  the  morbid  changes  of  the  hepi^^^^ 
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cells,  while  arresting  the  more  difficult  metabolic  labours  of  the 
cells,  such  as  the  formation  of  bile-acids,  do  not  put  an  end  to  the 
lighter  task  of  turning  haemoc^lobin  into  bilirubin,  though  so 
affecting  that  process  also  that  the  bilirubin  passes  into  the  blood 
instead  of  into  the  bile  passages.  In  other  words  the  formation  of 
bilirubin  is  an  act  independent  of  and  different  from  the  more 
ordinary  secretory  activity  of  the  cells. 

§  4S1.     The  question  may  be  asked,  Is  the  secretion  of  bile 

independent   of  or  in   some  way  or  other  connected  with   the 

glycogenic  activity  of  the  celb?     To  this  we  cannot  at  present 

give  a  definite  answer.     In  some  of  the  invertebrata  the  celk  in 

the  organ,  called  a  liver,  which  manufacture  glycogen,  are  distinct 

from  those  which  secrete  bile  or  other  digestive  juices;  and  it 

might  be  inferred  that  in  the  vertebrate  the  two  actions  though 

taking  place,  as  they  certainly  do,  in  the  same  cell,  take  place 

apart   and   distinct.      There    are   facts   which   seem   to  indicate 

that  the  two  are  intimately  connected;  but  we  have  as  yet  no 

exact   knowledge   concerning   the  matter.     It   has  been  urged 

that  the  portal  blood  is  chiefly  concerned  with  the  formation  of 

glycogen,  and  the  blood  of  the  hepatic  artery  with  the  secretion 

of  hue;    but   there   is  no   adequate   support  of  this  view.     It 

must  be  remembered  moreover  that,  in  addition  to  the  formation 

of  glycogen  and  the  secretion  of  bile,  other  metabolic   events, 

especially  affecting  proteid  or  at  least  nitrogenous  constituents 

3f  the  body,  are  also  taking  place ;  and  to  these  we  must  now  turn. 


SEC.   5.     ON  UREA  AND  ON  NITROGENOUS 
METABOLISM  IN   GENERAL. 

§  4S2.     We  have  seen  that  nitrogenous  proteid  material  i.        -^  " 
some  form  or  other  enters  into  the  composition  of  all  the  tissues  m     ss^s  o 
the  body,  and  we  have  further  seen  that  it  is  so  conspicuously  anc:r-^*  ^J^^ 
constantly  present  wherever  living  substances  are  manifestinrxi-^i^l 
vital  energies  as  to  justify  the  conclusion  that  the  changes  whioi^^icl 
it  undergoes  are  in  some  way  essential  to  the  manifestation  •       -^=n  o 
those  energies.     We  have  seen,  it  is  true,  reason  to  think  that  £     cf'-t  ir 
some  tissues  at  least,  in  muscle  for  instance,  a  large  part  of  thf  *     th( 
energy  set  free  during  activity  preexisted  as  latent  energy  ariv.^  and 
had  its  immediate  source  not  in  proteid  (nitrogenous)  but  in  80iE«=M^<=Dffie 
other  constituents  of  muscle ;  and  indeed,  as  we  shall  see  later  ocu^       on, 
the  greater  part  of  the  whole  energy  of  the  body  must  be  regards  JE:>^e(/ 
as  the  energy  of  carbon  compounds  and  not  of  mtrogen  compounc^-^njcfe- 
but  this  is  quite  consistent  with  the  view  that  proteid  material      ^  J  in 
some  way  or  other  essentially  intervenes  in,  we  may  perhaps  go        ^  so 
far  as  to  say  directs,  the  changes  by  which  in  the  body  energy  is  ^        set 
free  in  the  peculiar  way  which  we  speak  of  as  living. 

We  have  seen  that  at  all  events  the  greater  part  of  the  prot^^-u=;eid 
material  of  the  food  enters  the  blood  as  proteid  material  either-r^Mr  as 
peptone  or  in  some  other  form,  and  is  carried  as  proteid  matei^Kzria/ 
to  the  tissues. 

We  have  seen  that  the  nitrogen  of  proteid  material  leaves ^Ae 

body  so  largely  in  the  form  of  urea,  that  the  other  nitrogen^^us 
excretions  may  for  the  time  be  left  out  of  consideration. 

And  lastly  we  have  seen  reason  to  think  that  this  iirea  wl»-  ich 
leaves  the  body  in  urine  is  brought  to  the  kidneys  as  urea  in  ^*he 
blood,  the  kidneys  themselves  apparently  having  no  special  po"^^^r 
of  forming  urea  out  of  something  which  is  not  urea,  but  only  coii-^^^- 
buting  to  the  general  stock  of  urea  by  virtue  of  their  own  pro*>^id 
metabolism.  We  have  now  to  study  the  little  we  know  concen»jiJ^8 
the  steps  by  which  the  proteid  material  of  the  food  and  of  t:^^ 
body  is  converted  into  this  urea  of  the  blood  which  is  the  soured  ^^ 
the  urea  of  the  urine. 
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§  483.     In  the  first  place  we  may  take  it  for  granted  that  the 
urea  carried  to  the  kidney  in  the  blood  had  an  antecedent  in  some- 
thing which  was  not  urea.      We  can  hardly  suppose  that  the 
proteid  constituent  of  living  substance,  when  in  the  course  of  its 
metabolism  it  ceases  to  be  proteid,  breaks  up  at  once  into  urea 
and  into  non-nitrogenous  bodies.      All  we  have  learnt  goes  to 
shew  that  what  we  call  metabolism  is  not  a  single  abrupt  change, 
but  consists  essentially  in  a  series  of  changes ;  and  we  may  safely 
conclude  that  proteid  material  in  becoming  urea  passes  through 
phases   in  which  the  nitrogen   exists  in   chemical   combinations 
distinct  from  proteid  material  on  the  one  hand  and  urea  on  the 
other. 

In  the  second  place  it  is  extremely  probable  that  the  series  of 
changes  by  which  proteid  material  becomes  urea  is  not  the  same 
in  all  the  tissues  and  on  all  occasions.  We  should  naturally  expect 
to  find  the  proteid  material  following  different  linos  of  metabolism 
ixi  different  places  or  under  different  circumstances,  the  different 
lines  all  converging  to  the  same  body  urea,  because  for  some  reasons 
or  other  urea  appears  to  be,  in  the  main,  the  most  convenient  form 
in  which  the  nitrogen  can  leave  the  blood  and  the  body. 

We  should  accordingly  expect  to  find,  on  the  one  hand,  various 
nitrogenous  bodies  resulting  from  proteid  metabolism  in  various 
parts  of  the  body,  and,  on  the  other  hand,  arrangements  by  means 
of  vrhich  these  various  bodies  were  reduced  to  the  common  form 
urea,  preparatory  to  their  discharge  from  the  bodv  by  the  kidney. 
And  actual  obsecration  as  far  as  it  goes  supports  this  view,  though 
our  knowledge  of  the  whole  matter  is  very  imperfect. 

§  484.  We  may  turn  our  attention  first  to  the  metabolism  of 
the  skeletal  muscles,  since  these  represent,  as  far  as  mere  quantity 
is  concerned,  by  far  the  greater  part  of  the  proteid  capital  of  the 
IxKiy.  We  may  safely  infer  that  they  furnish  a  large  part  of  the 
urea  of  the  urine ;  though  undoubtedly  a  small  mass  of  tissue 
mig^ht  by  reason  of  its  more  rapid  metabolism  work  over  a  greater 
quantity  of  proteid  material  than  a  much  larger  mass  with  a  slower 
metabolism;  yet  we  have  no  reason  to  think  that  the  proteid  meta- 
1x>lisni  of  skeletal  muscle,  obscure  though  it  is  in  its  nature,  is  so 
slow  as  to  neutralize  the  probable  effect  of  the  great  bulk  of  muscle 
^xistin^  in  the  body. 

In  dealing  with  the  chemistry  of  muscle  (§  62)  we  saw  that  urea, 
^ave  in  the  exceptional  instances  of  certain  cartilaginous  fishes, 
^^¥as  conspicuous  by  its  absence  from  the  extract  of  muscle,  whereas 
^  very  appreciable  quantity  of  kreatin  was  invariably  present,  and 
indeed  was  the  prominent  nitrogenous  crystalline  constituent  of 
"^hat  extract.  It  seems  difficult  to  resist  the  conclusion  that  kreatin 
xs  the  main  normal  nitrogenous  product  of  the  metabolism  of 
skeletal  muscles.  If  we  accept  this  view,  then  upon  the  fact  of  the 
^presence  of  kreatin  in,  and  the  absence  of  urea  from,  the  muscle 
xtself,  we  may  base  the  conclusion  that  while  the  muscle  produces 
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kreatin  as  an  antecedent  of  urea,  the  kreatin  so  produced  isfr 
converted  into  urea  in  some  part  of  the  body  other  than  the 
muscle  itself.  Kreatin  as  we  have  already  seen  may  be  easily  split 
up,  and  we  may  probably  with  safety  assume  is  split  up  somewhere 
in  the  body,  into  urea  and  sarcosin.  But  sarcosin  does  not  appear 
in  the  urine  as  such ;  hence  the  conversion  of  kreatin  into  (part  of) 
the  urea  of  the  urine  entails  as  well  the  further  conversion  of 
sarcosin  into  urea.  Now  sarcosin  as  we  have  seen  is  methyl-glycin ; 
we  may  regard  it  for  our  present  purposes  as  simple  glycin, 
and  hence  the  total  conversion  of  kreatin  into  urea  entails  the 
conversion  of  glycin  into  urea.  This  however  does  not  offer 
any  additional  difficulty,  since  we  know  from  direct  observation 
that  glycin  introduced  into  the  alimentary  canal  does  not  reappear 
as  such  in  the  urine  but  produces  a  corresponding  increase  in  the 
urea  of  the  urine ;  from  which  we  infer  that  glycm  absorbed  from 
the  alimentary  canal  is  somewhere  in  the  body  converted  into 
urea.  We  shall  speak  of  this  conversion  later  on,  and  shall  then 
see  that,  as  far  as  urea  is  concerned,  glycin  (amido-acetic  acid)  and 
sarcosin  (methyl-glycin,  methyl -amido-acetic  acid)  undergo  the 
same  change,  the  amide  moiety  in  each  case  being  converted  into 
urea,  while  the  non-nitrogenous  moiety  is  oxidized  and  thrown 
off.  Meanwhile  we  may  state  the  conclusion  at  which  we  have 
provisionally  arrived,  namely  that  the  nitrogenous  metabolism  of 
muscle  probably  gives  rise  to  kreatin,  which  in  some  part  of  the 
body  other  than  muscle  is  probably  split  up  into  urea,  ready  for 
excretion,  and  into  sarcosin  which  also,  somewhere  in  the  body, 
is  further  converted  into  urea.  And  bearing  in  mind  the  large 
mass  of  the  skeletal  muscles,  we  may  further  conclude  that  a 
large  portion  of  the  urea  leaving  the  body  by  the  urine  is  formed 
in  this  way. 

§  486.  We  must  not  however  leave  this  statement  without 
referring  to  a  difficulty.  Kreatinin  as  we  have  seen  is  so  frequently 
found  in  urine  as  to  be  regarded  as  a  normal  constituent,  at  aU 
events  of  human  urine;  and  kreatinin  is  as  we  have  seen  the 
urinary  form  so  to  speak  of  kreatin ;  the  one  body  easily  changes 
into  the  other  by  the  assumption  or  removal  of  H,0.  This 
suggests  the  question,  Is  not  the  kreatinin  of  urine  the  represen- 
tative of  the  kreatin  of  the  muscles,  which  is  thus  excreted 
directly  without  undergoing  the  change  into  urea  just  discussed  ? 
In  answer  to  this  we  may  say  in  the  first  place  that  the  quantity 
of  kreatinin  in  urine,  though  variable  is  small ;  we  may  put  the 
average  at  about  1  grm.  in  24  hours.  Now  muscle  contains 
from  2  to  "4  p.c.  of  kreatin ;  and  this,  taking  the  total  muscle  of 
the  body  (to  say  nothing  of  other  sources  of  kreatin  which  we 
shall  mention  presently)  at  about  30  kilos  would  give  60  to 
120  grms.  kreatin  as  present  in  the  muscles  of  the  body  at  any 
one  moment.  We  can  hardly  suppose  that  the  metabolism  of 
muscle  is  so  slow  as  out  of  this  stock  only  to  provide  the  1  grm. 
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of  kreatinin  in  24  hours.    Moreover  the  kreatinin  in  urine  vanishes 
during  starvation,  is  very  markedly  increased  by  a  diet  of  flesh 
which  contains  kreatin,  and  is  not  increased  either  by  muscular 
exercise  (which  however  would  only  indirectly  affect  the  nitro- 
^nous  metabolism  of  muscle)  or  by  such  conditions,  fever  for 
instance,  as  notably  increase  the  urea  of  urine  by  increasing  the 
lutrogenous  metabolism  of  muscle.     We  infer  therefore  that  the 
lionnal  presence  of  kreatinin  in  urine  is  due  to  the  direct  adminis- 
tration of  kreatin  present  in  a  (normal)  flesh  diet  and  has  nothing 
to  do  with  the  muscular  metabolism  of  the  individual  who  is 
secreting  the  kreatinin  in  his  urine. 

The  &ct  however  that  the  kreatin  present  in  the  muscle  of  the 

food  and  absorbed  from  the  alimentary  canal  does  not  undergo  a 

change  into  urea  but  is  excreted  as  kreatinin,  that  is  virtualljr  as 

ireatin,  warns  us  to  be  careful  in  adopting  the  conclusion  arrived 

at  above  that  the  kreatin  produced  by  muscular  metabolism  in  the 

iiving  body  is  a  conspicuous  antecedent  of  the  urea  of  the  urine. 

It  is  difficult  to  see  why  kreatin  passing  into  the   blood  of  the 

^^pillaries  of  the  muscle  should  be  changed  into  urea  while  that 

^hich  passes  into  the  capillaries  of  the  portal  system  is  not ;  for 

'^asons  which  will  be  apparent  presently  we  should  rather  expect 

^hat  the  latter  being  more  directly  exposed  to  the  influence  of  the 

liver  would  be  more  readily  and  more  completely  converted  than  the 

i^nner.     Indeed  the  question  forces  itself  upon  us.  Is  kreatin  after 

***    the  natural  main  product  of  the  nitrogenous  metabolism  of 

J^iiscle  ?    Is  it  possible  that  in  the  normal  metabolism  of  the  living 

™^8cle  the  nitrogen  leaves  the  muscular  substance  and  passes  into 

pne  blood  in  another  form,  as  some  substance  not  kreatin,  and  that 

^^  is  as  the  muscle  dies  that  kreatin  is  formed,  just  as  the  solid 

°^yo8in  is  unknown  to  the  living  fibre  but  makes  its  appearance  in 

^  ^ying  one  ?     We  have  no  positive  evidence  however  that  this  is 

®^»  and  meanwhile  may  continue  to  suppose  that  kreatin  is  formed, 

*^<i  that  in  consequence  kreatin  is  a  conspicuous  antecedent  of  the 

^^i'ea  of  the  urine ;  but  we  must  not  regani  this  as  proved. 

§  486.    Our  knowledge  of  the  metabolism  of  the  nervous  tissues 

}^»  as  we  have  seen,  very  imperfect  (§  72),  but  the  presence  of  kreatin 

^'^  the  central  nervous  system  leads  us  to  infer  that  the  nitrogenous 

'^^^ta.bolism  of  the  living  substance  of  nerve  cells  and  of  the  axis 

'^'itider  of  nerve  fibres,  is  in  its  broad  features  identical  with  that 

.^Xiuscle  substance.     The  mass  however  of  the  nerve  cells  and 

.^^^  cylinders  of  the  body,  all  put  together,  is  small  compared  with 

J^^  tnsLBS  of  skeletal  muscle ;  moreover,  the  energy  set  free  by  the 

-    ^  ^holism  of  a  mass  of  nervous  matter  though  *  higher  *  in  quality 

*^i^8  in  quantity  than  that  set  free  by  the  metabolism  of  an  equal 

xj-*^"^^  of  muscle,  or  in  other  words  its  metabolism  is  less  rapid. 

^    ^^ce  we  may  probably  consider  the  metabolism  of  the  nervous 

^^t^m  as  a  mere  addition  to  that  of  the  muscular  system,  at  least 

^^gards  the  point  on  which  we  are  now  dwelling.     The  amount 

Y.  48 
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of  nitrogenous  metabolism  taking  place  in  connective  tiss  ue, 
cartilage,  bone,  and  the  skin  is  probably  still  less,  and  for  (  :)ur 
present  purposes  needs  no  special  discussion. 

§  487.     The  nitrogenous   metabolism  of  the  glands  howe^ 
more   particularly   that  of  the   liver,  does  deserve   special 
sideration ;  and  we  may  at  once  turn  to  a  quite  different  aspect; 
the  question  in  hand. 

When  the  rate  of  discharge  of  urea  from  the  body  is  obsen-^^^^ed 
during  a  period  of  some  length,  especially  under  varied  circu-^Bim- 
stances,  the  direct  effect  of  nitrogenous  food  becomes  most  striki" 
We  have  already  said,  and  shall  again  return  to  the  point,  tl 
muscular  contraction  does  not  directly  increase  the  output 
urea ;  the  discharge  of  urea  for  instance  is  not  necessarily  increasi. 
by  even  great  bodily  labour.  The  introduction  however  of  eve: 
small  quantity  of  proteid  material  into  the  alimentary  canal 
once  increases  the  urea  of  the  urine;  and  in  the  curve  of 
discharge  of  urea  in  the  twenty-four  hours  each  meal  is  follow 
by  a  conspicuous  rise.  The  absorption  of  proteid  material 
the  alimentary  canal  is  followed  by  an  immediate  proportioi 
increase  in  the  quantity  of  urea  which  is  secreted  by  the  kidn* 
and  that  as  we  have  seen  means  an  increase  in  the  urea  hrovL^ciL^^ht 
to  the  kidney  by  the  renal  artery.  What  is  the  origin  of  "  Uiis 
additional  urea  ? 

Two  views  present  themselves.     On  the  one  hand  since  smi^mtuQ 
portion  of  the  proteid  material  of  every  meal,  at  all  events  of  e^^'en- 
necessary  meal,  goes  to  repair  the  proteid  waste  continually  g^j^io^ 
on  in  the  parts  of  the  body  where  proteid  metabolism  is  tak-jio- 
place,  we  may  suppose  that  the  presence  of  an  extra  quantit  j  of 
proteid  material  thrown  upon  the  blood  from  the  food  acts  a^  a 
stimulus  to  the  tissues,  to  the  muscles  for  instance  as  well  as  others, 
stirs   them    up   to   increased   nitrogenous   metabolism   and   thus 
produces  an  increase  of  energy,  chiefly  if  not  exclusively  in  the 
form  of  heat,  accompanied  by  an  increase  of  the  antecedents  of 
urea  and  so  of  urea.     In   other  words   the   increase   of  urea  iu 
<]uestion  is  the  result  of  an  increase  in  the  general  nitrogenous 
metabolism  of  the  body. 

On  the  other  hand  we  may  suppose  that  in  order  to  prevent 
the  whole  body  being  encumbered  with  it,  this  excess  of  proteid 
food  material  is,  in  some  special  part  of  the  body,  split  up  into  a 
nitrogenous  and  a  non-nitrogenous  moiety,  and  that,  while  the 
latter  is  stored  up  as  fat  or  glycogen,  the  former  is  at  once 
converted  into  urea  and  got  rid  of  We  have  already  (§  249)  seen 
that  a  step  in  this  direction  may  take  place  while  the  food  is  as 
yet  in  the  alimentary  canal ;  we  have  seen  that  pancreatic  juice 
may  carry  part  of  the  proteids  on  which  it  acts  beyond  the  stage 
of  albumose  and  peptone,  and  reduce  that  part  into  leucin,  tyroein, 
and  other  bodies.  We  do  not  know,  as  we  have  already  said,  to 
what  extent  this  more  profound  digestion  by  pancreatic  juice  does 
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actually  take  place  in  the  living  body;  it  may  take  place  to  a 
very  slight  extent  and  it  may  under  certain  circumstances  take 
place  to  a  considerable  extent.  But  in  any  case  it  illustrates  the 
way  in  which  a  somewhat  similar  disruption  of  proteid  material,  a 
disruption  which  may  be  broadly  described  as  a  splitting  up  of 
the  proteid  into  a  nitrogenous  and  a  non-nitrogenous  moiety,  may 
take  place  somewhere  in  the  body  and  so  lead  to  the  sudden 
formation  of  some  antecedent  of  urea.  The  antecedent  may  be 
leucin  or  may  be  some  other  body  or  bodies. 

In  support  of  this  view  may  be  urged  the  fact  that  such  bodies 
as  leucin,  glycin,  asparagin  and  many  others  when  introduced  into 
the  alimentary  canal  are  transformed  into  urea.  When  these 
bodies  are  administered  in  not  too  great  quantities  they  do  not 
reappear  in  the  urine  but  the  urea  is  proportionately  increased. 

§  488.  We  have  seen  reason  to  think  that  the  proteids  of  a 
meal  are  absorbed  not  by  the  lacteals  but  by  the  portal  blood 
vessels,  and  such  bodies  as  leucin  probably  take  the  same  course. 
This  being  so,  all  these  bodies  pass  through  the  liver  and  are 
subjected  to  such  influences  as  may  be  exerted  by  the  hepatic  cells. 
Now  we  have  no  positive  evidence  that  the  liver  does  or  can  exert 
such  an  action  on  proteid  material  itself  as  to  separate  a  relatively 
simple  nitrogen  compound  from  the  remaining  constituents,  leaving 
these  to  form  a  body  rich  in  carbon ;  we  have  no  positive  proof  that 
the  increase  of  proteid  metabolism  just  spoken  of  as  leaaing  to  an 
increase  of  urea  takes  place  in  the  liver  rather  than  in  the  tissues 
at  large ;  we  may  go  so  far  perhaps  as  to  suspect  that  it  is  largely 
or  wholly  confined  to  the  liver,  but  we  have  no  convincing  demon- 
stration. We  have  however  a  convergence  of  evidence  that  the 
last  stage  of  the  process,  namely  the  conversion  into  urea  of  some 
or  other  product  of  proteid  metabolism  which  though  allied  to 
is  not  exactly  urea  does  occur  in  the  liver.  In  the  first  place, 
a  large  quantity  of  urea  seems  to  be  present  in  the  liver  of 
mammals;  in  this  respect  the  liver  presents  a  strong  contrast  to 
the  muscles;  in  the  liver  of  birds  the  urea  is  represented  by 
Qiates.  Moreover  when  a  stream  of  fresh  blood  is  passed  several 
times  through  the  liver  of  an  animal  recently  killed,  the  percentage 
>f  urea  in  the  blood  so  used  is  found  to  be  decidedly  increased. 
Phis  however  does  not  prove  that  urea  is  formed  in  the  liver,  since 
•tie  increased  quantity  of  urea  in  the  blood  which  had  been 
rxTculated  might  have  been  simply  urea  which  had  been  washed 
►mat  from  the  fiver,  where  it  had  previously  been  staying.  Still  as 
ckT  as  it  goes  it  is  suggestive.  In  the  second  place,  in  certain 
«Mes  of  a  form  of  disease  of  the  liver  known  as  acute  yellow 
ptiTophy  in  which  the  hepatic  cells  are  so  changed  that  their 
LX  notional  activity  is  largely  diminished,  the  urea  of  the  urine 
*>t  only  undergoes  a  very  marked  decrease  but  appears  to  be 
-placed  to  a  very  large  extent  by  leucin.  This  fact  suggests  that 
'  *^oin  (and  not  for  instance  kreatin)  is  the  chief  immediate  product 
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of  the  nitrogenous  metabolism  of  the  body,  and  that  the  lew 
thus  produced  is  in  a  normal  st-ate  of  things  converted  into  ur 
by  the  liver.  And  in  this  connection  it  may  be  remarked  tl 
not  only  is  leucin  found  in  nearly  all  the  tissues  after  deal 
especially  in  the  glandular  tissues,  but  also  appears  with  strikir. 
readiness  in  almost  all  decompositions  of  proteids,  and  is  moreo^ 
a  product  of  decomposition  of  gelatiniferous  substances.  With< 
going  however  so  far  as  to  conclude  that  leucin  is  the  cl 
antecedent  of  urea,  we  may  take  the  above  observation  as  indicate-  ~:zimr 
that  the  normal  liver  has,  in  some  way  or  other,  the  powei 
converting  leucin  into  urea.  If  this  be  so  then  we  may 
venture  to  suppose  that  when  such  bodies  as  leucin,  glycin, 
introduced  into  the  alimentary  canal  appear  in  the  urine  as 
the  transformation  has  taken  place  in  the  liver.  The  body  tyrc^»'— osin 
which  so  often  accompanies  leucin,  belonging  as  it  does  to  the 

aromatic  series,  stands  on  a  different  footing  firom  leucin  and  t],^ 

like. 

§  489.    The  transformation  however  of  leucin  into  urea  ra.is==^^  ^ 


new  point  of  view.     Leucin,  as  we  know,  is  amido-caproic  s^^^^cid- 
and,  with  our  present  chemical  knowledge,  we  can  conceive  o—  f  ^J 
other  way  in  which  leucin  can  be  converted  into  urea  than  b)^'"     the 
complete  reduction  of  the  former  to  the  ammonia  condition       (t^^ 
caproic  acid  residue  being  either  elaborated  into  a  fat  or  oxu^^izQ^j 
into  carbonic  acid)  and  by  a  reconstruction  of  the  latter  out  o^  th^ 
ammonia  so  formed.     We  have  a  somewhat  parallel  case  in  glrycin 
which  is  amido-acetic  acid ;  here  too  a  reconstruction  of  urea  out 
of  an  ammonia  phase  must  take  place.     Moreover  when  annmonium 
chloride  is  given  to  a  dog  a  very  large  portion  reappears  as  ujiea, 
i.e,  there  is  an  increase  in  the  urea  of  the  urine  corresponding  to  a 
large  portion  of  the  nitrogen  contained  in  the  ammonium  chloride. 
And  in  the  case  of  other  animals  also,  indeed  of  man  himself,  there 
is  evidence  that  somewhere  in  the  body  ammonia  may  be  con- 
verted into  urea.     Hence  in   all  these   cases  where  ammonia  or 
ammonia  compounds  are  changed  into  urea  the  last  step  at  all 
events  is  one  of  synthesis ;  and  this  suggests  the  possibility  that  in 
the   ordinary  proteid  metabolism   also,  the   downward  katabolic 
series  of  changes  may  finish  off  with  a  synthetic  effort,  the  last 
stage  of  the  former  being  the  appearance  of  an  ammonia  compound 
which  is  subsequently  reconstructed  into  urea. 

This  sjmthesis,  like  the  transformation  of  leucin  and  other 
bodies,  probably  takes  place  in  the  liver ;  and  in  support  of  this 
view  we  have  a  certain  amount  of  experimental  evidence.  Birf^ 
may  be  kept  alive  after  total  extirpation  of  the  liver  for  a  longer 
time  than  can  mammals ;  and  when  in  geese  the  liver  is  removed 
the  uric  acid  (representing  in  these  animals  the  urea  of  the 
mammal)  is  largely  decreased,  while  the  ammonia  of  the  urine  w 
largely  increased.  After  the  removal  of  the  liver  also,  leucin, 
glycin,  and  other  amides  or  amido-acids  administered  by  the 
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alimentary  canal  no  longer  increase  the  uric  acid  of  the  urine,  as 
they  do  in  the  intact  animal.  In  these  animals,  the  synthesis  of 
ammonia  compounds  into  uric  acid,  which  is  parallel  to  the 
synthesis  into  urea  occurring  in  the  mammal,  seems  to  take  place 
in  the  liver,  and  we  may  infer  is  in  some  way  or  other  effected  by 
the  hepatic  cells. 

As  to  the  exact  way  in  which  ammonia  either  as  such  or  in 
form  of  an  amide  or  amido-acid  changes  into  urea  we  have 
no  certain  knowledge.  Ammonium  carbonate,  we  know,  is  readily 
formed  out  of  urea  by  simple  hydration,  and  we  may  imagine 
that  the  living  organism  can  carry  out  the  reverse  process  and 
dehydrate  ammonium  carbonate  into  urea.  There  is,  however, 
a  certain  amount  of  evidence  that  not  ammonium  carbonate  but 
ammonium  carbamate  is  the  immediate  antecedent  of  urea;  and 
indeed,  out  of  the  body,  by  electrolysing  a  solution  of  ammonium 
carbamate  with  alternating  currents,  a  certain  amount  of  urea  may 
be  artificially  produced,  ^ut  this  is  a  matter  too  obscure  to  be 
discussed  here. 

§  490.     Uric  Acid.    This,  like  urea,  is  a  normal  constituent  of 

human  urine,  and,  like  urea,  has  been  found  in  the  blood,  in  the 

liver  and  in  the  spleen ;  it  is  a  conspicuous  constituent  of  an 

extract  of  the  latter  organ.     In  some  animals,  such  as  birds  and 

most  reptiles,  it  takes  the  place  of  urea.     In  various  diseases  the 

quantity  in  the  urine  is  increased ;  and  at  times,  as  in  gout,  uric 

acid  accumulates  in  the  blood,  and  a  deposit  of  urates  takes  place 

in  the  tissues.     Since  by  oxidation  a  molecule  of  uric  acid  can  be 

split  up  into  two  molecules  of  urea,  and  a  molecule  of  some  carbon 

acid,  uric  acid  is  commonly  spoken  of  as  a  less  oxidised  product 

of   proteid  metabolism  than   urea.     But    there   is  no  evidence 

whatever  to  shew  that  the  former  is  a  necessary  antecedent  of 

the  latter ;  on  the  contrary,  all  the  facts  known  go  to  shew  that 

the  appearance  of  uric  acid  is  the  result  of  a  metabolism  slightly 

diverging  from  that  leading  to  urea;  indeed  it  is  probable  that 

the  divergence  occurs  towards  the  end  of  the  series  of  changes,  for 

Urea  given  by  the  mouth  to  birds  appears  in  the  urine  as  uric  acid, 

and,  conversely,  uric  acid  given  to  mammals  appears  in  the  urine 

as  urea.     We  have  no  evidence  to  prove  that  the  cause  of  the 

divergence  lies  in  an  insufficient  supply  of  oxygen  to  the  organism 

«it  large ;  on  the  contrary,  uric  acid  occurs  in  the  rapidly  breathing 

birds  as  well  as  in  the  more  torpid  reptiles.     Nor  can  the  fact 

t^bat  in  the  frog  again  urea  replaces  uric  acid  be  explained  by 

Inference  to  that  animal  having  so  large  a  cutaneous  in  addition  to 

its  pulmonary  respiration.     The  final  causes  of  the  divergence  are 

t;o  be  sought  rather  in  the  fact  that  urea  is  the  form  adapted  to  a 

fluid,  and  uric  acid  to  a  more  solid  excrement.     Nor  is  there  in 

man  or  the   mammal  any  satisfactory  physiological   or  clinical 

evidence  that  an  increase  of  uric  acid  is  the  result  of  deficient 

oxidation.    The  absolute  amount  of  uric  acid  discharged  by  man 
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and  its  proportion  to  the  urea  passed  at  the  same  time  varies  ^^s  a 
good  deal.  There  is  no  positive  evidence  that  the  quantilt^ioity 
excreted  is  necessarily  increased  by  nitrogeneous  diet,  unless  soirxis'^me 
disorder  supervenes ;  indeed  it  is  asserted  that  both  absolutely  anx-^^oind 
relatively  to  the  urea  the  quantity  excreted  is  greater  upon  .Mumi  a 
mixed  (£et  than  upon  a  highly  proteid  one.  Alkalis  in  the  fooN^z^Tood 
seem  undoubtedly  to  diminish  it,  and  alcohol,  at  least  in  excess,  «  4,  to 
increase  it. 

So  far  from  considering  uric  acid  as  a  less  oxidized  antecede^^^  Jent 
of  urea  we  ought  perhaps  rather  to  regard  its  appearance  as  •^3l^  ^ 
result  of  a  synthesis  in  which  urea  or  some  allied  body  tal^^f^g^ 

Eart.     As  we   have   said  uric  acid  may  be  formed  syntheticar^^E^D//*, 
y  heating  together  urea  and  glycin ;  and  it  has  more  recent"  -^^ly 
been  similarly  prepared  from  various  allied  bodies.    As  to  wh^^    e/^ 
or    how   such    a  synthesis  is   effected   in   the  living  body,   "        ir^ 
know   little   or  nothing  for  certain,   and   can   only   make   ^       *u 
jectures.     The  constant  presence  of  uric  acid  in  the  spleen  hcz>  Tr- 
over, and  the  frequently  noted  connection  between   a  rise 
fall  of  uric  acid  in  the  urine  and  variations  in  the  volume  flU7( 
therefore  presumably  in  the  activity  of  the  spleen,  suggest  tlia 
the  change  may  be  brought  about  in  this  organ ;  but  it  must  be-*""^^ 
remembered  that  in  birds  and  reptiles  the  formation  of  uric  acid         ^ 
seems  to  be  effected  in  the  same  organs  as  that  of  urea  and  in  an  ^ 

analogous   manner;    and   the    arguments  which   we    have   used  ^ 

concerning  the  formation  of  urea  in  the  liver  of  mammals  may  ^ 

be  applied  to  the  formation  of  uric  acid  in  the  livers  of  binb  t 

and  reptiles.     It  is  more  probable  therefore  that  in  the  mammal  ^ 

the  turn  to  uric  acid  rather  than  urea  is  given  in  the  liver,  the 
spleen  however  possibly  playing  its  part  also  in  the  matter.  ' 

§  491.     Of  the  meaning  of  the  appearance  in  the  tissues  of  ^ 

such  bodies  as  xanthin,  hypoxanthin,  guanin  and  the  like,  and  of 
the  exact  nature  of  the  metabolism  which  gives  rise  to  them  or 
which  they  themselves  underm  we  know  little  or  nothing.  The 
presence  of  these  several  homes  may  be  taken  as  illustrating^  the 
complex  and  varied  nature  of  proteid  metabolism  to  which  we 
referred  above.      Urea  is  the  chief  end-product  of  proteid  meta-  ' 

holism,  but  that  end  is  probably  reached  in  several  ways ;  so  that 
probably  a  very  large  number  of  nitrogenous  chemical  substances  ^ 

make  a  momentary  appearance  in  the  body.    Some  of  these  foil  to  '^ 

become  urea,  and  either  without  or  after  further  change  make  ~ 

their  appearance  in  the  urine.    But  we  do  not  know  whether  their  "* 

appearance  is  accidental,  the  result  of  imperfect  chemical  machin- 
ery ;  or  whether  they,  though  small  in  quantity,  serve  some  special 
ends  in  the  economy.     Perhaps  sometimes  or  with  some  of  them 
it  is  the  one  case,  at  other  times  or  with  others  it  is  the  other         ^*^'^ 
case. 

When  proteid  material  undergoes  outside  the  body,  either  by 
the  action  of  trypsin  or  as  the  result  of  decomposition  or  under 
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;he  infiuence  of  chemical  agents,  that  change  by  which  it  is 
converted  into  leucin,  the  leucin,  which  appears  in  some  consider- 
able quantities,  is  accompanied  by  tyrosin,  which  appears  in 
imaller  quantities,  as  well  as  by  other  bodies.  The  almost 
onstant  appearance  of  tjrrosin  as  a  result  of  the  decomposition 
f  proteid  material  leads  one,  as  we  have  previously  said,  to  the 
onception  that  some  representative  of  the  aromatic  series  enters 
ito  the  constitution  of  proteid  substance  ;  and  it  is  possible  that 
lie  hippuric  acid  of  flesn-eating  animals  derives  its  benzoic  acid 
mstituent  from  this  aromatic  radicle  of  proteid  matter.  Tyrosin 
self  does  not  appear  in  the  body  as  a  normal  product  of  proteid 
letabolism,  and  we  are  therefore  led  to  infer  that  in  proteid 
letabolism  the  aromatic  radicle  takes  on  some  other  form. 
Whether  as  in  tyrosin  the  aromatic  (phenyl)  nucleus  is  associated 
ith  an  ammonia  representative  or  no,  we  do  not  know.  But  if 
is  then,  since  neither  tyrosin  nor  any  similar  body  is  a  con- 
ituent  of  normal  urine,  the  ammonia  constituent  is  somewhere 
issociated  from  the  phenyl  one  ;  and  while  the  former  contributes 
>  the  stock  of  urea,  the  latter  is  either  discharged  by  the  urine 
3  hippuric  acid,  having  as  we  have  seen  effected  in  the  kidney  a 
ew  association  with  the  ammonia  representative  glycin,  or  leaves 
tie  body  as  one  or  other  of  the  urinary  phenyl  compounds,  or 
oesibly  may  be  oxidized  somewhere  into  carbonic  acid  and 
^ater.  Our  knowledge  on  this  point  is  limited,  but  we  have 
entured  to  refer  to  the  point  since  it  ftirther  illustrates  the 
omplexity  of  proteid  metabolism. 

^  492.  In  speaking  of  urea  (§  401)  we  alhided  to  its  relations 
o  the  cyanogen  compounda  Bearing  in  mind  the  peculiarly  large 
.mount  of  energy  set  free  as  heat  during  the  isomeric  trans- 
ormation  of  many  cyanogen  compounds,  as  well  as  the  large  store 
»f  potential  energy  existing  in  cyanogen  itself,  the  heat  of  com- 
mstion  of  which  is  very  large,  and  contrasting  these  properties 
vith  those  of  ammonia  and  the  ammonia  compounds,  we  cannot 
lelp  being  tempted  towards  the  view  that  in  the  actual  living 
itructure  the  nitrogen  exists  in  the  form  of  cyanogen  compounds, 
md  that  in  the  passage  to  dead  nitrogenous  waste,  during  which 
mergy  is  set  free,  the  cyanogen  compound  changes  to  the  amide 
)r  other  ammonia  representative.  And  there  are  several  facts 
^hich  lend  support  to  such  a  view,  such  as  the  presence  of 
mlphocyanates  in  saliva  and  urine,  which  we  may  look  upon 
18  a  sort  of  leakage  of  cyanogen  factors,  the  artificial  production 
)f  kreatinin  out  of  cyanamide  and  sarcosin,  and  other  facts.  But 
the  matter,  though  it  deserves  to  be  borne  in  mind,  is  too  obscure 
to  be  dwelt  on  here. 

§  493.  We  may  now  briefly  sum  up  the  varied  discussions 
which  have  occupied  us  in  the  present  section. 

Urea  is  the  main  end-product  of  proteid  metabolism.  Unlike 
hippuric  acid  and  some  other  constituents  of  urine,  urea  is  simply 
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excreted  by  the  kidneys,  being  brought  to  them  in  the  blood, 
they  apparently,  beyond  the  simple  act  of  excretion,  doing  no  more 
than  merely  contributing  to  the  stock  of  urea  in  so  far  as  they 
are  masses  of  proteid  material  undergoing  proteid  metabolism  as 
part  of  their  general  life.  What  are  the  immediate  antecedents 
of  urea  we  do  not  clearly  know;  but  it  is  probable  that  they 
are  not  one  but  several  and  indeed  possibly  many.  We  have 
reason  to  think  that  urea  may  be  formed  out  of  amides  or 
amido-acids,  or  out  of  ammonia  itself  by  a  S3mthetic  {)roce88 ;  and 
we  have  indications  that  this  S3mthesis  is  efifected  in  the  liver 
by  the  agency  of  the  hepatic  cells.  But  we  do  not  know  whether 
this  synthesis  bears  only  on  particular  nitrogen-holding  sub- 
stances of  food  or  of  the  body,  or  whether  it  comes  into  play  in 
the  normal  metabolism  of  proteid  material  If  the  kreatin 
which  is  so  conspicuous  a  constituent  of  muscular  and  nervous 
structures  is  a  stage  in  the  direct  line  to  urea,  then  the  synthesis 
would  affect  only  the  sarcosin  which  the  kreatin  in  becoming 
urea  sets  free.  But  we  have  seen  that  it  is  by  no  means  clear 
that  kreatin  is  such  a  stage. 

The  evidence  as  far  as  it  goes  tends  to  shew  that  the  meta- 
bolism of  proteid  is  very  complex  and  varied,  that  a  large  number 
of  nitrogen-holding  sul^tances  make  a  momentary  appearance  in 
the  body,  taking  origin  at  this  or  that  step  in  the  downward  stairs 
of  katabolic  metabolism  and  changing  into  something  else  at  the 
next  step,  and  that  the  presence  in  various  parts  of  the  body  and 
even  in  the  urine,  in  small  quantities,  of  so  many  varied  nitro- 

fenous  crystalline  substances,  forminjc;  a  large  part  of  what  are 
nown  as  extractives,  has  to  do  with  this  varied  metabolism. 
Possibly  the  transformations  by  which  nitrogen  thus  passes 
downwards  take  place  to  a  certain  extent  in  such  organs  as  the 
liver  and  the  spleen  which  are  remarkably  rich  in  these  extrac- 
tives. But  the  whole  story  of  proteid  metabolism  consists  at 
present  mostly  of  guesses  and  of  gaps. 


SEC.    6.     ON  SOME    STRUCTURES    AND    PROCESSES    OF 

OBSCURE  NATURE. 

§  494.  The  Thyroid  Body,  Certain  structures  of  obscure 
'^^ature,  but  probably  connected  in  some  way  or  other  with  some  of 
^  Le  metabolic  processes  in  the  body,  are  often  spoken  of  under  the 
Vindesirable  name  of  '  ductless  glands.*  Such  are  the  thyroid  body 
^>r  gland,  the  pituitary  body,  the  thymus,  and  the  suprarenal  cap- 
sules. These  diflfer  from  each  other  so  essentially,  that  the  only 
l:>iea  which  can  be  urged  in  favour  of  considering  them  together  is 
Cionvenience  and  our  ignorance  of  their  respective  functions. 

The  thyroid  body  is  the  one  of  the  group  most  deserving  to  be 
oalled  a  gland,  since  it,  like  the  lungs,  arises  as  a  two-lobed 
diverticulum  from  the  ventral  surface  of  the  anterior  part  of  the 
alimentary  canal,  and  at  first,  like  the  lungs  also,  behaves  as  if  it 
Vrere  about  to  become  a  double  racemose  gland.  The  connection 
ivith  the  throat  however,  which  should  have  become  a  duct,  is  soon 
obliterated,  and  the  two  lobes,  united  with  each  other  by  an 
isthmus  across  the  trachea,  lose  all  traces  of  any  branching  ducts 
^within  them  and  become  transformed  into  masses  of  isolated 
ductless  alveoli  bound  together  with  connective  tissue. 

Hence,  when  a  section  is  taken  through  a  hardened  and 
p>repared  lobe  of  an  adult  thyroid,  what  is  seen  is  a  limiting  capsule 
of  connective  tissue  sending  into  the  interior  numerous  septa, 
Aw^hich  surround  and  separate  from  each  other  round  or  oval  sp£u;es, 
t^he  sections  of  the  isolated  alveoli.  These  are  of  variable  size, 
^ome  being  visible  to  the  naked  eye,  and  each  is  lined  by  a  single 
Layer  of  low  columnar  or  cubical  nucleated  cells  resting  on  a  base- 
xnent  membrane,  leaving  a  large  cavity,  which  in  fresh  specimens 
is  filled  with  a  glairy  fluid.  The  cells  present  no  special  characters. 
The  septa  of  connective  tissue,  fairly  rich  in  elastic  elements 
V>ut  remarkably  free  from  adipose  tissue,  contain  numerous  blood 
x^-essels  derived  from  the  superior  and  inferior  thyroid  arteries,  the 
Vtranches  of  which,  relatively  large  and  frequently  anastomosing, 
^nd  for  the  most  part  in  capillary  networks  round  the  alveoli; 
€xom  these  capillaries  and  those  of  the  septa  the  blood  is  gathered 
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into  veins  also  relatively  large,  which  forming  plexuses  on  the 
surface  of  the  organ  end  in  the  superior  middle  and  inferior 
thyroid  veins.  The  thyroid  body  is  thus  furnished  with  an  abun- 
dant supply  of  blood. 

The  septa  also  contain  a  very  large  number  of  lymphatic  vessels, 
which,  both  on  the  surface  of  the  organ  and  along  the  septa,  are 
arranged  in  plexuses  of  anastomosing  trunks  of  considerable  size. 
Small  nodules  of  adenoid  tissue  are  also  found  in  the  septa. 

The  nerves  of  the  thyroid  body  are  also  abundant  They  are, 
in  man,  derived  chiefly  from  the  cervical  sympathetic  nerve, 
passing  off  from  the  middle  and  lower  cervical  ganglia ;  their 
exact  terminations  within  the  organ  is  not  known.  Fine  filaments 
are  also  said  to  be  given  oflF  to  it  from  the  external  branch  of  the 
superior  laryngeal  nerve. 

The  'accessory*  thyroid  bodies  often  found  are  of  the  same 
nature  as  the  main  body. 

Very  frequently,  so  frequently  in  the  adult  as  to  be  of  almost 
normal  occurrence,  the  alveoli  contain  not  simple  glaiiy  fluid 
but  a  more  solid  clear  material,  called  'colloid*;  this  generally 
appears  in  the  centre  of  an  alveolus  and  may  fill  up  the  whole 
lumen ;  occasionally  more  or  less  changed  epithelial  cells  may  be 
seen  Ijring  between  it  and  the  layer  of  cells  resting  on  the  base- 
ment membrane.  Extravasations  of  blood  into  the  alveoli  are  also 
not  uncommon. 

The  thyroid  body  is  very  apt  to  become  enlaj^ed,  sometimes 
enormously  so ;  and  is  then  spoken  of  as  goitre.  The  enlai^ment 
may  be  due  simply  to  an  increase  in  the  number  of  otherwise 
fairly  normal  alveoli  and  septa.  But  very  often  a  number  of 
alveoli  become  more  or  less  confluent,  forming  a  cyst ;  and  at  times 
the  whole  gland  appears  to  be  composed  of  a  number  of  cysts  of 
varying  size,  frequently  loaded  with  '  colloid '  material.  There  is 
also  a  form  of  goitre  in  which  the  enlargement  is  chiefly  or  even 
exclusively  due  to  an  increase  in  the  vascular  supply,  the  blood 
vessels  being  abnormally  distended;  and  this  apparently  may 
occur  without  any  structural  changes  in  the  walls  of  the  blood 
vessels.  Sometimes  however  the  arteries  undergo  aneurismal 
enlargements,  with  changes  in  their  coats. 

The  glairiness  of  the  fluid  contents  of  the  alveoli  has  generally 
been  attributed  to  the  presence  of  mucin,  and  this  body  has  also 
been  said  to  have  been  found  within  the  lymphatic  vessels  running 
in  the  septa ;  but  some  observers  have  urged  that  the  material  in 
question  is  not  true  mucin,  but  a  peculiar  form  (or  forms)  of 
proteid  substance.  The  '  colloid '  material  so  fi:^uently  appearing 
has  also  been  regarded  as  allied  to  mucin,  but  its  exact  nature  has 
not  as  yet  been  satisfactorily  determined.  Besides  these  special 
substances  the  alveoli  or  cysts  also  contain  serum-albumin 
globulin.  The  'extractives'  of  the  thyroid  appear  to  contaim 
kreatin  or  kreatinin  in  not  inconsiderable  quantities,  xanthin,  ao  " 
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lactic  (paralactic)  acid ;  guanin  is  said  to  be  absent.  In  large  and 
old  cysts  cholesterin  is  sometimes  present;  and  when,  as  often 
happens,  extravasations  of  blood  into  the  cysts  have  taken  place, 
haemoglobin,  or  at  a  later  stage  haematoidin  (bilirubin),  has  been 
found. 

§  496.  The  large  supply  of  blood  to  the  thyroid  suggests 
t^he  idea  that  the  organ  is  the  seat  of  some  of  the  subsidiary 
metabolic  processes  to  which  we  referred  in  the  last  section,  and 
"this  view  is  supported  by  the  presence  of  the  extractives  just 
:iiieiitioned ;  but  we  have  no  detailed  knowledge  of  what  actually 
^^oes  on. 

The  presence  of  the  peculiar  mucin-like  body  in  the  alveoli, 
and  the  tendency  to  'colloid*  formation,  further  suggest  some 
x*elation  of  the  organ  to  the  formation  or  distribution  of  mucin ; 
£uid  this  view  has  derived  a  certain  support  from  some  experimental 
Tesults,  but  these  though  numerous  have  proved  neither  uniform 
nor  accordant.  When  in  certain  animals  (monkeys,  dogs  and  other 
oamivora,  and  the  same  has  been  observed  in  man)  the  gland  is 
extirpated,  even  with  the  greatest  care,  the  operation  is  frequently 
followed  by  the  occurrence  of  peculiar  nervous  symptoms,  such  as 
muscular  twitchings  and  tremors,  spasms,  and  even  tetanic  convul- 
sions (more  especially  observed  in  young  animals),  accompanied  or 
succeeded  by  irregularity  or  failure  of  voluntary  movements ;  subse- 
cjuently  there  may  ensue  varied  symptoms  which  may  be  described 
under  the  general  term  of  disordered  nutrition,  ending  eventually 
in  death.  In  a  certain  number  of  cases  however,  in  the  above  kinds 
of  animal,  no  serious  symptoms  follow,  even  the  total  extirpation 
of  the  organ  producing  no  marked  eifect ;  and  in  rabbits  and  other 
herbivorous  animals  removal  is  said  never  to  be  followed  by  any  of 
the  above  results.  It  has  been  urged  that  the  symptoms  when  seen 
^re  the  eflfects  not  of  the  mere  absence  of  the  organ  but  of  mischief 
set  up  by  the  operation  in  adjoining  structures,  more  especially  in 
tihe  laryngeal  nerves  and  vagus  trunks ;  but  this  does  not  seem  a 
valid  explanation.  If,  as  suggested  above,  certain  metabolic  pro- 
cesses are  normally  going  on  in  the  organ,  we  may  fairly  suppose 
that,  in  the  absence  of  tne  organ,  the  interruption  of  the  normal 
sequence  of  chemical  change  would  throw  upon  the  circulation 
oertain  strange  substances  which  acting  like  a  poison  might  pro- 
duce the  nervous  symptoms,  throw  into  disorder  the  nutrition  of 
various  tissues,  and  finally  bring  about  death.  We  may  further 
explain  the  cases  where  symptoms  are  absent  by  supposing  that, 
for  some  reason  or  other  "  things  have  taken  a  diiferent  turn  ",  the 
jMurticular  poisonous  substances  have  not  made  their  appearance  but 
innocuous  ones  have  taken  their  place ;  and  we  know  how  slight  a 
change  in  chemical  composition  may  turn  a  poison  into  an  inert 
Ixxly.  This  of  course  remains  a  mere  supposition  until  we  can  state 
what  the  exact  metabolic  processes  are,  and  name  the  substances 
v^hich  work  the  mischief;  but  it  seems  more  reasonable  to  accept 
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such  a  provisional  supposition  than  to  conclude  that  the  th}rroid 
may  be  removed  without  producing  any  eflfect  whatever  on  the 
organism.  An  animal  without  a  thyroid  may  appear  perfectly  well 
because  the  circumstances  to  which  it  is  exposed  do  not  happen  to 
test  the  imperfection  from  which  it  is  really  suflFering,  just  as  a 
man's  inability  to  swim  may  not  be  apparent  until  he  happen  to  fall 
into  the  water.  The  animals  which  do  succumb  to  the  operation  of 
removal  of  the  organ  are,  for  some  reason  or  other,  put  to  the  test, 
and  are  found  wanting.  The  very  discordance  of  the  experimental 
results  points  the  physiological  moral  that  the  phenomena  which 
we  are  as  yet  able  to  observe  form  as  it  were  a  mere  surface 
covering  intricate  processes  at  present  wholly  or  nearly  wholly 
hidden  from  ua 

The  above  experimental  results  receive  additional  interest  and 
at  the  same  time  support  from  clinical  experience.  The  connection 
between  goitre  and  cretinism,  the  latter  disease  bein^  broadly 
speaking  a  result  of  disordered  nutrition  telling  largely  on  the 
nervous  system,  has  long  been  recognised ;  and  attention  has  also 
been  called  to  some  tie  between  disease  of  the  thjrroid  and  a  morbid 
condition,  known  as  myxoedema,  in  a  certain  number  of  cases  of 
which  mucin  or  a  mucin-like  body  has  been  found  in  great  excess 
in  the  skin  and  in  other  tissues.  In  monkeys  the  removal  of  the 
th\Toid  has,  in  some  cases,  been  followed,  besides  the  symptoms 
mentioned  above,  some  of  which  resemble  those  of  myxoedema,  by 
an  accumulation  of  mucin  or  a  mucin-like  body  in  the  skin  and 
various  tissues.  It  is  very  difficult  not  to  connect  this  with  the 
formation  in  the  thyroid  of  colloid  material  in  the  contents  of  the 
alveoli.  But  we  know  so  little  about  the  nature  of  mucin  and 
its  allies,  about  their  real  relations  to  more  ordinary  proteid  sub- 
stances, and  about  the  part  which  they  play  in  physiological  pro- 
cesses, that  any  views  as  to  the  exact  connection  between  the 
presence  of  mucin  in  the  tissues  at  large  and  changes  taking 
place  in  the  thyroid  must  be  at  present  to  a  large  extent 
speculation. 

The  large  vascular  supply  of  the  thyroid,  and  the  phenomena 
of  a  disease  known  as  exophthalmic  goitre,  in  which  vascular  en- 
largement of  the  thyroid  is  associated  with  cardiac  symptoms  and 
other  vascular  disturbances,  especially  of  the  head,  have  suggested 
that,  apart  from  metabolic  processes,  the  circulation  in  the  thyroid 
may,  perhaps  in  a  more  or  less  mechanical  way,  be  connected  with 
and  influence  the  circulation  in  the  brain.  But  the  exact  nature 
of  this  influence  has  not  been  made  clear. 

§  496.  The  Pituitary  Body.  The  lower,  posterior,  lobe  of 
this  organ  resembles  the  thyroid  body  (the  upper,  anterior,  lobe  is 
of  quite  distinct  nature,  being  really  a  part  of  the  central  nervous 
system)  in  as  much  as  it  is  a  diverticulum  of  the  alimentary  canal 
(namely  of  the  mouth),  which  instead  of  becoming  a  branched 
gland  IS  converted  into  a  mass  of  round,  or  oval,  or  cylindrical 
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alveoli  separated  by  septa  of  vascular  connective  tissue.  Though 
in  some  instances  the  alveoli  of  the  pituitary  body  like  those  of 
the  thyroid  possess  a  lumen,  which  moreover  may  hold  more  or 
less  '  colloid '  contents,  the  majority  are  solid  masses  of  epithelial 
cells.  The  cells,  which  are  columnar  or  polyhedral,  present  no 
special  characters,  except  perhaps  that  between  the  usual  epithe- 
lial cells  are  occasionally  found  spindle-shaped  cells,  apparently  of 
mesoblastic  origin. 

Concerning  the  processes  which  take  place  in  these  alveoli  and 
the  purposes  of  the  organ  as  a  whole  we  know  absolutely  nothing. 

§  497.  Tlie  Suprarenal  Bodies.  A  (mammalian)  suprarenal 
body  when  cut  across  is  seen  to  consist  of  two  distinct  parts,  an 
outer  thicker  cortical  part,  of  yellowish  colour,  striated  radially, 
and  an  inner  thinner  medullary  part  of  darker  colour.  At  the 
depression  on  the  anterior  surface  called  the  hilus,  whence  issues 
the  comparatively  large  suprarenal  vein,  the  cortex  thins  away  so 
that  the  medulla  comes  to  the  surface.  These  two  parts,  cortex 
and  medulla,  are  not,  like  the  cortex  and  medulla  of  a  lymphatic 
gland,  diflferent  arrangements  of  the  same  material,  but  are  of 
essentially  different  nature  and  indeed  are  of  different  origin. 
The  medulla  is  derived  from,  is  a  modification  of,  sympathetic 
ganglia,  while  the  cortex  is  derived  from  masses  of  mesoblastic 
cells  surrounding  the  great  blood  vessels;  and  in  some  animals 
the  two  form  wholly  separate  bodies.  The  so-called  accessory 
suprarenals  are  composed  of  cortex  alone. 

The  whole  organ  is  surrounded  by  a  capsule  of  connective 
tissue,  free  from  muscular  fibres  and  not  ver}^  rich  in*  elastic 
elements.  From  the  capsule  septa  pass  inwards  and  form  a 
frame  work,  the  cavities  of  which  are  filled  by  cells  or  groups  of 
cells  differing  in  nature  and  differently  arranged  in  the  cortex  and 
in  the  medulla.  The  middle  larger  part  of  the  cortex  is  composed 
of  somewhat  long  solid  columns  of  polyhedral  cells,  lodged  in 
corresponding  meshes  of  the  frame  work.  The  columns,  which  are 
three  or  four  cells  thick  and  several  cells  in  length,  though 
somewhat  irregular  and  varying  in  size,  do  not  anastomose,  being 
wholly  separated  from  each  other  by  the  bars  of  connective  tissue, 
and  possess  no  central  cavity  or  lumen.  The  blood  vessels  which 
are  abundant  in  these  bars  of  connective  tissue  do  not  penetrate 
the  columna  The  cell-substance  of  the  cells  is  of  a  yellowish 
colour,  often  containing  yellowish  oil  globules,  and  possesses  a  clear 
round  nucleus. 

In  the  outer  part  of  the  cortex  immediately  underneath  the 
capsule  is  a  thin  zone  in  which  the  groups  of  cells  are  not 
columnar  but  rounded  and  irregular ;  and  again  in  the  inner  part 
of  the  cortex  abutting  on  the  medulla  is  another  thin  zone,  in 
which  the  columnar  arrangement  is  lost,  the  cells  being  here 
disposed  in  a  network  of  thm  cords  and  the  individual  cells  to  a 
large  extent  separated  from  each  other  by  delicate  continuations 
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of  the  coarser  connective  tissue  septa.  Hence  the  main  median 
part  of  the  cortex,  which  from  the  prominent  columnar  arrange- 
ment appears  striated  radially,  is  often  called  the  zona  fasciculata, 
the  thin  outer  part  the  zona  glomerulosa,  and  the  thin  inner  part 
the  zona  reticularis ;  but  as  far  as  the  essential  characters  of  the 
cells  are  concerned  all  the  three  zones  are  alike. 

The  medulla  also  consists  of  cells  or  groups  of  cells  lying  in 
the  meshes  of  a  connective  tissue  frame-work,  but  the  cells  are  of 
a  ditferent  nature  from  those  of  the  cortex.  They  are  irregular 
and  often  branched,  and  their  cell-substance,  though  it  sometimes 
contains  pigment,  is  generally  clear  and  transparent.  The  medulla 
moreover  is  further  distinguished  from  the  cortex  by  the  abundant 
supply  of  blood  vessels  and  of  nerves. 

The  cells  of  the  medulla  and  of  the  inner  zone  (zona 
reticularis)  of  the  cortex  are  very  apt  to  undergo  change  after 
death,  and  to  become  diffluent. 

The  arteries  which  come  from  the  aorta  and  from  the  renal  and 
phrenic  arteries  pass  into  the  organ  on  the  surfece,  and  traversing 
the  cortex,  supplying  as  they  go  both  capsule  and  cortex  with  a 
moderate  number  of  vessels,  end  in  the  medulla,  the  connective 
tissue  bars  of  which  bear  numerous  large  venous  sinuses,  into 
which  the  capillaries  pour  their  blood,  and  from  which  the  blood 
is  gathered  up  into  the  suprarenal  vein. 

A  large  number  of  nerves,  consisting  chiefly  of  medullated 
fibres  from  the  solar  plexus,  the  renal  plexus,  the  phrenic  nerve 
and  the  vagus,  pass  into  the  suprarenal  body  at  the  hilus  and  on 
the  under  surface,  and  forming  numerous  plexuses  coarse  and  fine, 
some  carrying  small  groups  of  nerve  cells,  end  chiefly  in  the 
medulla,  though  some  pass  on  to  the  cortex.  The  ultimate 
endings  are  not  yet  known. 

The  lymphatics  are  fairly  numerous  and  form  plexuses  in  the 
capsule  and  in  the  connective  tissue  of  the  frame-work;  it  is 
stated  that  the  lymphatic  vessels  surrounding  the  groups  of  cells 
in  the  cortex  communicate  with  spaces  between  the  cells. 

§  498.  Besides  the  ordinary  proteid  and  other  chemical 
constituents,  the  suprarenal  body  contains  some  substance  or 
substances,  possessing  striking  colour  reactions,  giving  a  dark  blue 
or  dark  green  colour  with  ferric  chloride,  and  a  carmine  red  tint 
with  various  oxidizing  agents.  This  substance  (whose  nature  is 
not  exactly  known,  and  which  is  confined  to  or  most  abundant  in 
the  medulla)  is  not  soluble  in  the  ordinary  solvents  of  pigments, 
such  as  alcohol,  ether,  chloroform  &c.,  but  is  readily  soluble  in 
dilute  acids. 

Among  the  extractives,  hippuric,  or  benzoic  acid,  and  tauro- 
cholic  acia  or  taurin  have  been  found,  but  it  is  not  certain  that 
these  are  normal  constituents. 

§  499.  Some  of  the  histological  features  of  the  suprarenal 
bodies,  namely  the  groups  of  cells  and  their  abundant  blood  supply, 
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suggest  on  the  one  hand  that  important  metabolic  processes  take 
pla^  in  them,  some  of  which  are  probably  connected  with  the 
history  of  the  pigments  of  the  body  at  large.  On  the  other  hand 
the  unusually  large  nerve  supply,  and  the  derivation  of  part  of  the 
body  from  the  sympathetic  ganglia,  suggest  peculiar  nervous  con- 
nections. And  the  organ  has  often  served  as  a  starting  point  for 
speculations  in  these  two  directions ;  but  our  exact  knowledge 
concerning  them  is  very  limited.  The  results  of  experiment  have 
taught  us  little ;  extirpation  for  example  has  been  often  followed 
by  the  death  of  the  animal  operated  upon,  but  the  cause  of  the 
death  in  such  cases  is  by  no  means  clear. 

One  fact,  gained  by  clinical  experience,  is  the  only  real  item  of 
knowledge  which  we  possess.  Disease  of  the  suprarenal  bodies, 
apparently  tubercular  in  nature  and  beginning  in  the  medulla, 
is  so  often  associated  with  a  change  in  the  colour  of,  with  an 
increase  of  the  pigment  of  the  skin,  'bronzed  skin',  *  Addison's 
disease*,  that  some  connection  between  the  two  must  exist;  but 
the  several  links  of  the  chain  are  as  yet  unknown.  It  is  tempting 
to  associate  the  increase  of  pigment  in  the  bronzed  skin  with  the 
chromogen  or  colour-jdelding  substance  spoken  of  above ;  but  we 
have  no  warrant  for  doing  so,  such  for  instance  as  any  indication 
of  ties  between  the  suprarenal  bodies  and  changes  either  in 
haemoglobin  itself  or  in  bilirubin,  which  two  bodies  we  have 
reason  to  regard  more  particularly  as  mothers  of  pigment. 
Moreover  the  bronzed  skin  is  only  one  of  the  symptoms  of 
Addisons  disease,  failure  of  nutrition  and  nervous  symptoms 
being  also  present. 

§  600.  The  Thymus,  This,  though  it  arises  in  the  embryo 
as  a  paired  outgrowth  from  the  epithelial  walls  of  a  pair  of 
visceral  clefts,  and  thus  begins  as  an  epithelial  structure  into 
which  mesoblastic  elements  subsequently  intrude,  soon  puts  on 
such  characters  as  to  appear  essentially  a  lymphatic  structure,  and 
indeed  might  be  regarded  as  a  part  of  the  lymphatic  system. 

It  consists  of  a  capsule  of  connective  tissue,  plain  muscular 
fibres  being  absent,  and  septa  or  trabeculae  of  the  same  nature 
which  divide  the  organ  into  a  number  of  irregular  more  or  less 
<jylindrical  anastomosing  follicles  or  lobules,  and  send  finer  radiat- 
ing septa  into  the  interior  of  each  lobule.  These  lobules  present 
the  same  characters  throughout  the  whole  mass  of  the  organ,  there 
not  being,  as  in  a  lymphatic  gland,  any  distinction  between  a  cortex 
and  a  medulla  of  the  whole  body.  The  words  are  however  applied 
to  each  lobule,  to  distinguish  the  central  from  the  peripheral  part 
of  the  lobule  itself  Both  the  central  medulla  and  the  peripheral 
cortex  of  each  lobule  consist  of  a  framework  of  reticular  connective 
tissue,  which  in  the  cortex  is  identical  with  or  closely  allied  to 
adenoid  tissue,  but  in  the  medulla  is  coarser  and  more  open  and  to 
a  larger  extent  composed  of  branched  anastomosing  epithelioid 
cells.     The  meshes  of  the  cortex  are  crowded  with  leucocytes,  but 
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these  are  much  less  abundant  in  and  more  easily  fall  out  of  the 
medulla,  so  that  in  sections  the  medulla  appears  more  transparent 
than  the  cortex.  It  will  be  observed  that  this  arrangement  is 
almost  the  reverse  of  that  obtaining  in  the  alveolus  of  a  lymphatic 
gland,  in  which  the  finer  gland  substance  with  its  adenoid  tissue 
crowded  with  leucocytes  is  placed  in  the  centre,  surrounded  by  the 
more  open  network  of  the  lymph  sinus. 

The  blood  vessels  of  the  thymus  running  along  the  septa  form 
capillary  networks  which,  though  closer  and  more  abundant  in  the 
cortical  than  in  the  medullary  portions  of  the  lobules,  have  no  such 
special  arrangement  as  obtains  in  lymphatic  glanda 

Lymphatic  vessels,  abundant  in  the  capsule  and  septa,  are 
undoubtedly  in  connection  with  the  substance  of  the  lobules. 

The  medullary  substance  frequently  contains  bodies,  known  as 
"concentric  capsules",  nests  of  concentrically  disposed  nucleated 
flattened  epithelial  or  epithelioid  cells.  They  appear  to  arise  from 
a  proliferation  of  the  epithelioid  cells  lining  small  blood  vessels, 
and  have  been  supposed  to  be  connected  with  the  degenerative 
changes  by  which,  with  obliteration  of  the  vessels,  the  whole  organ 
dwindles  away  soon  after  birth. 

§  601.  From  the  thymus  there  may  be  extracted  by  means  of 
saline  solution  a  form  of  globulin  or  a  proteid  allied  to  globulin 
which,  like  the  corresponding  bodies  from  lymphatic  glands  or  from 
leucocytes,  seems  to  nave  some  special  relations  to  the  formation 
of  fibnn.  Thus,  as  has  alreadv  been  said  (§  22),  a  solution  of  this 
globulin-like  body  from  the  tnymus,  injected  into  the  veins,  wiU 
give  rise  to  extensive  intravascular  clottmg. 

The  thymus,  like  the  other  bodies  on  which  we  are  now 
dwelling,  is  also  rich  in  extractives.  Thus  xanthin,  hypoxanthin, 
leucin,  lactic,  succinic  and  other  acids  have  been  foimd  in  it. 

But  of  what  really  takes  place  in  the  body  we  have  no  exact 
knowledge.  Since  the  thymus  is  best  developed  before  birth, 
disappearing  after  birth  at  a  rate  which  varies  much  in  different 
individuals  and  still  more  in  different  kinds  of  animals,  and  being 
eventually  replaced  by  fat  and  connective  tissue,  it  is  obvious  that 
its  chief  functions  are  in  some  way  associated  with  events  taking 
place  before  birth  or  in  early  life. 


SEC.   7.     THE  HISTORY  OF  FAT.     ADIPOSE  TISSUE. 

§  602.  Globules  of  fat  of  various  sizes  make  their  appear- 
ance in  the  very  elements  of  most  of  the  tissues,  in  muscular  fibres, 
in  epithelial  cells,  in  nerve  cells,  in  leucocytes,  and  so  on ;  and  the 
medulla  of  medullated  nerves  consists  largely  of  a  peculiar  fatty 
material.  Besides  this,  certain  cells  of  connective  tissue  at  various 
times,  and  in  various  places,  become  so  loaded  with  fat  that  groups 
of  the  cells  become  practically  masses  of  fat.  Connective  tissue 
thus  loaded  with  £Ett  is  called  adipose  tissue;  and  masses  of 
adipose  tissue  of  all  manner  of  sizes  and  of  shapes  adapted  to  the 
several  situations  are  found  in  various  parts  of  the  body.  Many 
of  the  internal  organs,  more  especially  the  kidneys,  are  wrapped  in 
adipose  tissue;  but  the  largest  deposit  is  one  lying  in  the 
subcutaneous  connective  tissue,  §  432,  sometimes  called  the 
"  panniculus  adiposus  " ;  and  a  '  fat '  body  is  distinguished  from  a 
'lean'  body  chiefly,  though  by  no  means  exclusively,  by  the 
amount  of  subcutaneous  adipose  tissue. 

Of  all  the  tissues  of  the  body  adipose  tissue  is  the  most  fluctu- 
ating in  bulk ;  within  a  very  short  space  of  time  a  large  amount  of 
adipose  tissue  may  disappear,  and  within  an  almost  equally  short 
time  the  quantity  present  in  a  body  may  be  several  times  multi- 
plied. When  too  much  or  too  little  food  is  given  it  is  the  subcu- 
taneous adipose  tissue  which  first  and  most  rapidly  increases  or 
decreases  in  bulk. 

§  603.  A  small  piece  of  adipose  tissue,  examined  under  a  low 
power,  appears  to  be  made  up  almost  entirely  of  rounded  masses 
of  highly  refractive  material,  closely  packed  together.  These 
rounded  masses,  which  stain  an  intense  black  with  osmic  acid  and 
give  other  reactions  of  fat,  are  arranged  in  irregular  lobules; 
between  the  lobules,  and  between  the  individual  rounded  masses, 
may  be  seen  a  small  amount  of  fibrillated  connective  tissue 
canying  blood  vessels. 

When  the  tissue  has  been  hardened  and  stained,  and  the  fat 
has  been  removed  by  solvents,  what  was  previously  only  visible  as 
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a  rounded  mass  of  fat  is  now  seen,  under  higher  powers,  to  be 
a  cell,  but  a  cell  nearly  the  whole  of  the  cell-substance  of  which 
has  become  transformed  into  a  single  lar^e  vacuole.  Over  the 
greater  part  of  the  circumference  of  the  ceU  the  cell-substance  is 
reduced  to  a  mere  thin  shell  or  envelope,  or  cell-membrane,  but 
at  one  part  a  thicker  disc-like  remnant  is  seen,  and  in  this  is 
placed  a  rounded  or  oval,  often  flattened  nucleus.  Between  these 
fat-cells  may  be  seen  a  few  bundles  of  connective  tissue  forming  a 
scanty  loose  network,  the  rounded  meshes  of  which  are  occupied 
by  the  fat-cells,  the  matrix  of  the  bundles  appearing  at  places 
continuous  with,  or  adherent  to,  the  envelopes  of  the  cells; 
ordinary  connective  tissue  corpuscles  are  also  here  and  there 
present,  though  rarely  visible  between  the  larger,  50/i  to  130ft, 
mt-cells.  In  mject^  specimens  it  is  further  seen  that  the  con- 
nective tissue  meshwork  carries  small  blood  vessels,  which  form 
capillary  networks  round  the  groups  of  fat-cells  and  even  round 
individual  cells.  After  death,  upon  cooling,  the  fat  in  the  fat-cells 
may  solidify  in  crystals. 

It  is  obvious  that  a  fat-cell  is  a  cell,  belonging  to  connective 
tissue,  in  the  cell-substance  of  which  &t  has  been  collected  to 
such  an  extent  that  the  cell,  which  increases  lai^ly  in  bulk  during 
the  process,  is  almost  wholly  transformed  into  a  large  vacuole 
filled  with  fat,  the  cell-substance  being  reduced  to  a  thin  envelope 
of  the  vacuole,  thickened  at  one  part  where  the  nucleus,  thrust  on 
one  side  by  the  gathering  fat,  is  placed.  Adipose  tissue  is  a 
collection  of  such  fat-cells  neld  together  by  a  meagre  quantity  of 
vascular  connective  tissue. 

By  studying  the  development  of  adipose  tissue  in  the  embryo 
or  elsewhere,  we  may  trace  out  the  steps  of  the  formation  of  the 
fat-cells.  In  the  embryo,  in  a  situation  where  adipose  tissue  is 
about  to  be  formed,  the  connective  tissue  is  seen  to  contain  a 
number  of  small  nucleated  cells,  rounded  or  somewhat  irregular  in 
form,  the  cell*  substance  of  which  at  first  presents  no  special 
characters,  and  contains  not  more  than  what  may  be  called  the 
ordinary  amount  of  fat  globules  or  spherules.  Very  soon  however 
these  minute  drops  or  specks  increase  in  number,  the  cell- 
substance  at  the  same  time  increasing  in  bulk  while  remaining 
round  or  becoming  more  distinctly  so,  and  the  smaller  drops  run 
together  into  larger  ones.  This  goes  on ;  the  fat  increasmg  in 
quantity  coalesces  more  and  more,  and  the  cell,  as  a  whole, 
becomes  larger  and  larger,  the  cell-substance  at  first  keeping  up 
in  bulk  with  the  increasing  fat,  but  subsequently  ceasing  to 
increase,  bein^  apparently  used  up  in  the  formation  of  the  fat 
Thus  the  origmal  small  '  protoplasmic '  cell  is  at  last  transformed 
into  the  larger  &t-cell,  all  the  fat  having  run  together  into  a* 
vesicle  the  envelope  of  which,  thickened  on  one  side  to  carry  the 
nucleus,  is  furnished  by  the  remnant  of  the  cell-substance.  In 
some  cases,  the  nucleus  instead  of  being  pushed  early  on  one 
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aide,  remains  central  though  the  collection  of  fat  has  become 
considerable;  it  is  however  eventually  displaced.  The  whole 
process  appears  veiy  similar  to  the  deposition  of  mucin  in  the 
cells  of  a  mucous  gland,  §  235;  and  we  may  by  analogy  infer 
that  the  fat-cell  becomes  a  fat-cell  by  the  cell  manufacturing  fat 
in  some  way  or  other,  and  depositing  the  fat  so  formed  in  the 
interstices  of  its  substance.  The  most  striking  superficial  dis- 
tinctions seem  to  be  that  in  the  mucous  cell  the  granules  or 
spherules  remain  discrete  within  the  cell,  being;  separated  by 
rars  of  cell  substance,  whereas  in  the  fat-cell  the  globules,  as  they 
form,  run  together  until  at  last  they  unite  into  a  single  mass ;  ana 
further  that  while  in  the  mucous  cell,  even  when  most  heavily 
loaded,  a  relatively  large  amount  of  active  cell-substance  still 
remains,  in  the  fat-cell  a  mere  remnant  is  left  and  that  chiefly 
surrounding  the  displaced  nucleus. 

Some  observers  are  of  opinion  that  the  cells  belonging  to 
connective  tissue  which  thus  become  fat-cells  of  adipose  tissue 
belong  exclusively  to  the  kind  which  we  spoke  of  as  plasma  cells, 
§  105 ;  but  this  is  doubtful.  Others  a^ain,  while  admitting  that 
the  cells  which  become  fat-cells  resemble  in  appearance  oroinarj' 
connective  tissue  corpuscles  and  may  like  them  be  branchea, 
believe  them  nevertheless  to  constitute  a  special  kind  of  connective 
tissue  corpuscle,  being  led  to  this  view  by  the  feet,  that  though 
adipose  tissue  is  very  generally  distributed  throughout  the  con- 
nective tissue  of  the  body,  it  is  apt  to  appear  in  particular 
situations  rather  than  in  others,  and  in  some  tracts  of  connective 
tissue  never  under  normal  circumstances  makes  its  appearance. 
Others  again  maintain  that,  under  favourable  circumstances, 
any  connective  corpuscle  may  become  a  fat-cell. 

The  fet  in  the  interior  of  bones  forming  the  yellow  marrow 
appears  to  have  the  same  general  structure  and  to  be  formed  in 
the  same  way  as  the  rest  of  the  adipose  tissue. 

§  604.  The  fat  thus  deposited  in  a  fat-cell  sooner  or  later 
disappears.  It  is  not  ejectea  bodily  into  the  surrounding  lymph- 
spaces  of  the  connective  tissue,  but  passes  away  either  into  the 
blood  stream  or  into  the  lymphatics  by  some  processes  not  as  yet 
fully  understood.  The  shell  of  cell-substance  which  forms  the 
envelope  of  the  fat-cell  is  probably  of  a  differentiated  nature,  and 
may  have  properties  which  assist  the  escape  of  the  fat ;  but  on 
this  point  we  have  no  exact  knowledge.  The  disappearance  of 
the  fat  appears  to  take  place  in  two  diJQferent  ways.  On  the  one 
hand,  and  this  perhaps  is  the  more  ordinary  method,  the  fet 
gradually  disappears,  little  by  little,  and  the  rounded  distended 
vesicle  gradually  assumes  the  characters  of  a  connective  tissue 
corpuscle,  even  of  a  branched  one.  On  the  other  hand,  especially 
when  the  disappearance  is  rapid  and  total,  the  space  previously 
occupied  by  fat  becomes  filled  with  a  clear  fluid  resembling  lymph, 
the   fet  vesicle  being  transformed   into  a  lymph  vesicle.    This 

49—2 


772  THE  FORMATION  OF  FAT.  [Book  u. 

condition  however  is  temporary  only,  the  lyniph  is  subsequently 
absorbed  and  the  vesicle  shrinks.  At  times,  the  emptying  of  the 
cell,  whether  by  the  one  method  or  the  other,  is  followed  by  a 
rejuvenescence  of  the  cell,  the  nucleus  by  division  gives  rise  to 
several  nuclei,  and  the  cell  divides  into  new  cells,  each  of  which 
may,  under  appropriate  conditions,  develope  again  into  a  fat-celL 

§  606.  The  fat  thus  lodged  in  adipose  tissue  varies  somewhat 
in  composition  in  various  animals,  but  is  chiefly  composed  of 
olein,  palmitin  and  stearin  in  varying  proportions,  with  small 
quantities  of  the  glycerin  compounds  of  such  fatty  acids  as  butyric, 
capronic,  caprylic  &c.,  together  with  a  little  lecithin  and  cholesterin. 
The  '  fat '  of  one  animal,  that  is  the  fat  thus  contained  in  adipose 
tissue,  differs  from  the  fat  of  another  animal  partly  by  the  presence 
of  more  or  less  of  one  or  more  of  these  less  abundant  fats,  but 
chiefly  by  the  proportion  in  which  the  three  main  fiats,  olein, 
palmitin,  and  stearin,  are  respectively  present  in  the  mixed  fat. 
The  melting  points  of  these  three  fats  being  different,  the  melting 
point  of  the  fat  of  the  body  will  differ  according  to  the  relative 
proportions  in  which  the  three  are  present.  Thus  the  subcu- 
taneous fat  of  man  melts  at  from  15**  to  22'  or  higher,  the  fat 
round  the  kidney  being  firmer  and  not  melting  until  25* ;  the  fat 
of  the  dog  melts  at  about  22^  that  of  the  goose  at  about  25*,  of 
the  ox  at  about  40^,  and  of  the  sheep  at  50^  the  less  resistant  fat 
of  the  man  and  dog  containing  relatively  more  olein  than  that  of 
the  ox  or  of  the  sheep. 

§  606.     When   we   come   to  consider  the  question.  By  what 

E recesses  does  the  fat  make  its  appearance  in  the  fat-cell  ?  we  are 
rought  face  to  face  with  much  the  same  kind  of  problem  as  that 
which  occupied  us  in  dealing  with  glycogen.  On  the  one  hand  we 
may  suppose  that  the  fat  is  brought  to  the  fat-cell  as  fat  and  is  in 
some  way  taken  up  by  the  cell  and  deposited  in  the  cell-substance 
with  little  or  no  change.  On  the  other  hand,  we  may  suppose  that- 
the  fat  is  manufactured  by  the  fat-cell  in  some  such  way  as  mucin 
or  pepsin  is  manufactured  by  a  mucous  or  a  gastric  cell,  out  of  and^ 
by  means  of  its  cell-substance,  and  that  the  process  of  fattening,  oi 
of  producing  fat  in  fat-cells,  consists  essentially  in  feeding  and  sc 
building  up  the  cell-substance  which  subsequently  breaks  dowr: — ^ 
into  fat,  and  does  not  consist  merely  in  bringing  fet  within  reacl — '  ^ 
of  the  cell.  Which  of  these  views  is  the  true  one,  or  how  fiaur  ar^^*e 
both  these  operations  carried  on  in  the  animal  body  ? 

In  support  of  the  latter  view  it  may  be  urged  that,  not  only  th'  — -^ 
more  complex  living  substance,  but,  as  we  have  more  than 


urged,  the  simpler  proteid  constituent  of  living  substance  obviousL^^/ 
contains  what  we  may  call  a  fieitty  radicle,  so  tnat  we  might  expecs  "i?^ 
fat  to  be  formed  out  of  its  metabolism.     And  as  a  matter  of  fin^crt 
not  only  in  adipose  tissue,  but  in  every  part  of  the  body,  livii — Mg 
substance  is  continuously  giving  rise  to  and  temporarily  depositiE^M^ 
in  itself  some  amount  of  fat,  and  in  what  is  known  as  fisitty  deg&'V- 
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eration  there  seems  to  be  evidence  of  the  formation  of  &t  out  of 
proteid  material. 

On  the  other  hand,  we  have  traced  the  fats  taken  as  food,  and 
found  that  they  pass  with  comparatively  little  change  from  the 
alimentary  canal,  chiefly  through  the  intermediate  passage  of  the 
lacteals,  into  the  blood,  from  which  they  rapidly  disappear  after  a 
meaL  We  might  infer  from  this  that  an  excess  of  &t  thus  entering 
the  blood  would  naturally  be  disposed  of  by  beine  simply  stored 
up  in  the  available  adipose  tissue  without  any  mrther  change ; 
we  can  imagine  that  the  fat,  not  immediately  wanted  by  the 
economy,  passes  in  some  way  from  the  blood  to  the  connective 
tissue  (the  white  blood  corpuscles  which  appear  loaded  with  fat 
after  a  meal  possibly  acting  as  intermediaries),  and  that  the  con- 
nective-tissue corpuscles  swallow  the  fat  brought  to  them  after  the 
fiEishion  of  an  amoeba,  not  digesting  it  but  simply  keeping  it  in 
store  until  it  was  wanted  elsewhere. 

What  do  experiments  teach  on  this  matter  ? 

In  the  first  place,  it  is  evident  that  in  an  animal  fattened  on 
ordinary  fattening  food,  only  a  small  fraction  of  the  fat  stored  up 
in  the  body  can  possibly  come  direct  from  the  fet  of  the  food. 
Long  ago,  in  opposition  to  the  views  of  Dumas  and  his  school,  who 
taught  that  all  construction  of  organic  material,  that  all  actual 
manufacture  of  living  substance  or  even  of  its  organic  constituents, 
was  confined  to  vegetables  and  unknown  in  animals,  Liebig  shewed 
that  the  butter  present  in  the  milk  of  a  cow  was  much  greater 
than  could  be  accounted  for  by  the  scanty  fat  present  in  the  grass 
or  other  fodder  she  consumed.  He  also  urged,  as  an  argument  in 
the  same  direction,  that  the  wax  produced  by  bees,  which  though 
having  a  different  composition  from  fat  may  be  used  as  an 
analog,  is  out  of  all  proportion  to  the  wax  or  allied  bodies 
oontamed  in  their  food,  consisting  as  this  does  chiefly  of  su^ar. 
And  it  has  since  been  shewn  in  many  ways  that,  in  fattemng 
animals,  the  fat  accumulated  in  the  body  cannot  be  accounted 
for  by  the  fat  which  has  been  taken  in  the  food.  It  has  been 
proved  by  direct  analysis.  Thus  of  two  young  pigs,  as  much 
alike  as  possible,  of  the  same  litter,  one  was  killed  and  analysed, 
the  amount  of  fat  in  the  body  being  among  other  things  de- 
termined. The  other  was  fattened  for  a  certain  length  of  time 
on  food  whose  composition  was  known,  and  then  killed  and 
analysed.  It  was  found  that  for  every  100  parts  of  fat  in  the  food 
472  parts  of  fat  were  stored  up  in  the  body  during  the  fattening 
period.  It  is  clear  that  fat  may  be  formed  in  the  body  out  of 
something  which  is  not  fat. 

§  607.  There  are  two  possible  sources  of  this  manu&ctured  fat. 
The  carbohydrates  of  the  food  form  one  source.  In  treating  of 
digestion  (§  282),  we  referred  to  the  possibility  of  carbohydrates 
during  digestion  in  the  alimentary  canal  becoming  by  fermentation 
converted  into  butyric  acid;  and  we  suggested  that  higher  and 
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more  complex  members  of  the  same  fatty  acid  series  might  be 
obtained  out  of  carbohydrates  by  somewhat  analogous  changes, 
carried  on  however  not  in  the  alimentary  canal  by  means  of 
foreign  organised  ferments,  but  in  the  tissues  through  the  activity 
of  the  tissues  themselves.  We  cannot  as  yet  trace  out  the  steps 
nor  can  we  definitely  point  to  any  particular  tissues  other  than 
the  &t-cells  themselves  as  the  seats  of  any  such  changes.  But 
there  can  be  no  doubt  that  carbohydrate  material  does  in  some 
way  or  other  give  rise  to  fat.  A  carbohydrate  diet  is  the  kind  of 
diet  most  efficacious  in  producing  an  accumulation  of  &t  in  the 
body:  sugar  or  starch,  in  some  form  or  other,  is  always  a  large 
constituent  of  ordinary  fattening  foods. 

Another  source  of  fat  is  to  be  found  in  the  proteids.  We  have 
seen  that  the  urea  of  the  urine  practically  represents  the  whole  of 
the  nitrogen  which  passes  through  the  body.  Now  in  any  given 
quantity  of  urea  the  amount  of  carbon  is  far  less  than  that  K>iuid 
in  the  (juantity  of  proteid  containing  the  same  amount  of  nitrogen. 
Thus  the  percentage  composition  of  the  two  being  respectively. 

Carbon.      Hydrogen.        Oxygen.        Nitrogen.        Snlphnr. 

Urea        2000        666  26*67  4667 

Proteid    53  7'30  23  04  15-53  113 

100  grms.  of  urea  contain  about  as  much  nitrogen  as  300  grms.  of 
proteid ;  but  the  300  grms.  of  proteid  contain  139  grms.  (159 — 20) 
more  carbon  than  do  the  100  grma  urea.  Hence  the  300  grma.  of 
proteid  in  passing  through  the  body  and  giving  rise  to  100  grms. 
of  urea,  would  leave  behind  139  grms.  of  carbon,  in  some  combina- 
tion or  other ;  and  this  surplus  of  carbon,  if  the  needs  of  the 
economy  did  not  demand  that  it  should  be  immediately  converted 
into  carbonic  acid  and  thrown  off  from  the  body,  might  be  deposited 
somewhere  in  the  form  of  fat.  It  has  been  calculated  that  in  this 
way  100  grms.  of  proteid  food  might  furnish  42  grms.  of  fet.  We 
have  already  seen,  in  treating  of  the  action  of  the  pancreatic 
juice  (§  249),  that  there  is  evidence  of  a  fatty  element  (viz.  leucin, 
which  is  amido-caproic  acid,  and  so  belongs  to  the  fatty  acid 
series)  being  thrown  off  from  the  complex  proteid  compound  in 
the  very  process  of  digestion ;  and  though,  as  we  have  said,  we 
have  no  proof  that  this  action  of  pancreatic  juice  takes  place 
largely  in  the  normal  body,  its  value  as  an  example  is  none  the 
less  important. 

Some  observers  have  pushed  this  view  of  the  production  of  fiit 
out  of  proteids  so  far  as  to  insist  that  all  the  fat  formed  in  the 
body  arises  in  this  way  out  of  proteid  material,  and  that  when 
carbohydrate  food  gives  rise  to  the  formation  of  fat  it  does  so  by 
shielding  from  oxidation  the  carbon  moiety  of  the  proteid  food 
taken  at  the  same  time  and  thus  permitting  it  to  be  stored  up  as 
fat  The  carbohydrate  itself,  they  argue,  never  becomes  fat  but 
its  presence  allows  fat  to  be  formed  out  of  proteid  material.    This 
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view  has  obviously  a  very  important  economical  bearing,  since,  if  it 
be  true,  it  is  useless  to  increase  the  carbohydrate  material  of  food 
for  the  purpose  of  fattening,  unless  a  sufficient  proportion  of 
proteid  material  be  given  at  the  same  time. 

The  view  however  has  been  proved  to  be  untenable  by  several 
investigations  carried  out  on  diffiirent  animals.  It  has  been 
shewn  that  an  animal  rapidly  fattened  on  a  diet  consisting  of 
proteids  with  much  carbohydrate  will  store  up  far  more  fat  than 
can  possibly  be  accounted  for  by  the  proteids  of  the  diet.  Thus  a 
dog,  the  fat  in  whose  body  had  been  reduced  to  a  minimum  by 
starvation,  was  fed  for  a  period  on  measured  quantities  of  proteids 
and  carbohydrates,  and  killed  The  amount  of  fat  found  after 
death  in  his  body,  making  full  allowance  for  the  fat  which 
remained  after  the  starvation  and  for  the  fat  accompanying  the 
proteids  in  the  meat  given  as  food,  was  found  to  be  far  more  than 
could  be  supplied  by  the  carbon  in  the  proteids  of  the  food,  even 
supposing  that  every  jot  of  those  proteids  which  did  not  go  to 
make  up  the  increase  of  the  proteid  *  flesh'  of  the  body  taking 
place  during  the  fattening  was  used  for  the  purpose  of  forming 
fat.  Similar  experiments  on  geese  and  pigs  have  led  to  similar 
results ;  and  if  fat  be  formed  in  this  way  in  the  bodies  of  camivora 
and  omnivora,  we  may  be  sure  that  the  same  holds  good  for  the 
bodies  of  herbivora.  We  may  therefore  conclude  that  fat  can  be 
constructed  in  the  body  on  the  one  hand  out  of  proteid  material, 
and  on  the  other  hand  by  some  direct  conversion  of  carbo- 
hydrates. 

§  608.  It  is  clear  then  that  a  construction  of  fat  does  occur  in 
the  body  somewhere.  What  limits  can  we  place  on  the  degree  to 
which  this  construction  is  carried  ?  When  the  food  contains 
sufficient  actual  fat  to  account  for  the  fat  stored  up  in  the  body, 
does  any  construction  of  fat  take  place  ?  In  the  first  place  we  find 
that  when  the  food  contains  abnormal  fats  such  as  are  not  present 
in  the  body,  spermaceti  for  instance,  or  erucin  (fi-om  rape  seed  oil), 
these  fats  are  not  to  be  found,  or  are  found  in  very  small  quantity, 
in  the  fat  which  is  stored  up  in  the  body  as  a  consequence  of  a 
large  supply  of  that  food.  In  the  second  place  we  may  call  to 
mind  the  statement  previously  made,  that  the  composition  of  fat 
varies  in  different  animals.  The  fat  of  a  man  diflfers  from  the  fat 
of  a  dog,  even  if  both  feed  on  exactly  the  same  food,  fatty  or  other- 
wise. Were  the  fat  which  is  taken  as  food  stored  up  as  adipose 
tissue  directly  and  without  change,  recourse  being  had  to  other 
sources  of  food  for  the  construction  of  fat  only  in  cases  where  the 
fat  in  the  food  was  deficient,  we  should  expect  to  find  that  the 
nature  of  the  fat  of  the  body  would  vary  greatly  with  the  food. 
So  far  from  this  being  the  case,  direct  experiment  shews  that  the 
fat  of  the  dog  is,  as  far  as  composition  is  concerned,  very  largely 
independent  of  the  food,  that  the  normal  constituents  of  fat  make 
their  appearance  very  much  as  usual   and  in  very  much  their 
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appropriate  proportion,  though  their  proportion  in  the  food  may 
largely  vary,  and  though  some  of  them  may  be  wholly  absent. 
Thus  in  one  experiment  the  fat  of  the  body  contained  considerable 
quantities  of  stearin  after  a  diet  free  from  stearin,  and  in  another 
preserved  the  normal  amount  of  olein  afber  a  diet  free  from  olein. 

Of  course  it  is  quite  possible  that  in  such  cases  as  these,  though 
the  stearin,  or  the  olein,  when  absent  from  the  food,  was  in  some 
way  or  other  constructed  anew,  yet  at  the  same  time  those  constitu- 
ents which  were  present  were  simply  stored  up;  and  the  small 
quantity  of  erucin  present  in  the  fat  of  the  body  after  feeding 
on  erucin  must  have  been  directly  stored  up.  So  also,  when  an 
animal  is  rapidly  fattened  on  a  diet  consisting  of  a  small  quantity 
of  proteid  and  a  large  quantity  of  fat,  the  amount  of  fat  stored  up 
may  be  too  great  to  have  come  from  the  proteids  of  the  diet,  in 
which  case  we  may  infer  that  it  was  the  actual  fat  of  the  food 
simply  deposited  in  the  fat-cells  of  the  body.  But  even  in  this 
case,  as  more  distinctly  in  the  others,  it  is  also  open  for  us  to 
suppose  that  all  the  fat  taken  as  food  was  in  some  way  or  other 
disposed  of,  and  that  all  the  new  fat  which  made  its  appearance 
was  constructed  anew.  And  the  latter  view  is  more  perhaps  in 
harmony  with  the  histological  facts  previously  mentioned,  as  well 
as  supported  by  other  considerations. 

At  the  present,  however,  we  may  be  content  with  the  following 
conclusiona    1.    Fat  is  actually  formed  in  the  animal  body,  and 
the  fat  present  at  any  moment  in  the  body  is  not  exclusively,  if  at 
all,  fat  merely  stored  up  from  the  fat  of  the  food.     2.    The  carbon 
elements  of  the  newly-formed  fat  may  be  supplied  either  from 
carbohydrate  food,  or  from  the  carbon  surplus  of  proteid  food,  or 
from  fats  taken  as  food  which  are  not  the  natural  constituents  of 
the  body-fat.     3.    The  fat  stored  up  appears  as  fat  granules  or 
drops  deposited   in   the  cell-substance  of  certain  cells,  and   the 
increase  of  the  fat  in  the  cells  is  accompanied  first  by  a  growth, 
and  subsequently  by  a  consumption  of  the  cell-substance ;  but,  as 
in  the  analogous  case  of  glycogen,  there  is  no  complete  evidence  to 
shew  whether  the  fat  granules  which  appear  are  simply  deposited 
by  the  cell-substance  in  a  more  or  less  mechanical  manner,  without 
their  forming  an  integral  portion  of  that  cell-substance,  the  chiefs 
stages  of  the  manufacture  of  the  fat  having  been  gone  through  ^ 
elsewhere,  or  whether  they  arise  from  a  bresJcing  up,  a  functional^ 
metabolism  of  the  cell-substance  of  the  fat-cell  itself;  the  lattei^ 
view  is  on  the  whole  however  the  more  probable. 


SEC.  8.    THE  MAMMARY  GLAND. 


§  609.  Since  milk  is  a  secretion,  and  indeed  an  excretion,  the 
mammary  gland  ought  not  to  be  classed  as  a  metabolic  tissue,  in 
the  limited  meaning  we  are  now  attaching  to  those  words.  Yet 
the  metabolic  phenomena  giving  rise  to  the  secretion  of  milk  are 
so  marked  and  distinct,  have  so  many  analogies  with  the  purely 
metabolic  events  which  take  place  in  adipose  tissue,  and  so 
strikingly  illustrate  metabolic  events  in  general,  that  it  will  be 
more  convenient  to  consider  the  matter  here,  rather  than  in  any 
other  connection. 

The  mammary  gland,  formed  like  a  sweat  gland,  of  which  it 
may  be  considered  an  extreme  development,  by  an  ingrowth  of 
the  Malpighian  layer  of  the  epidermis,  is  a  compound  racemose 
gland,  constructed  after  the  general  plan  of  such  a  gland  and  thus 
composed  of  branching  ducts  ending  in  secreting  alveoli 

The  whole  oigan  is  divided  by  connective  tissue  septa  into  a 
number  of  lobes,  in  woman  about  twenty,  each  of  which  possesses 
a  distinct  ditct,  opening  by  a  separate  orifice  on  to  the  nipple  ;  the 
gland  in  fact  is  not  a  single  gland  but  several  glands  bound 
together.  Each  lobe  is  further  divided  by  connective  tissue  septa 
into  smaller  lobes,  and  the  division  is  repeated,  the  last  divisions 
marking  out  small  masses  called  lobules.  The  main  duct  supplying 
a  lobe  branches  into  a  number  of  small  ducts,  each  of  the  ultimate 
divisions  of  which  ends  in  a  lobule. 

Within  the  lobule  the  duct  divides  into  a  number  of 
relatively  wide  tubules  which  pursue  a  wavy  or  even  twisted 
course,  and  bear  deep  lateral  bulgings;  these  are  held  together 
by  a  comparatively  slight  amount  of  connective  tissue.  Hence  in 
a  section  of  a  gland,  each  lobule  appears  to  be  composed  of  a 
number  of  irregularly  round  spaces  or  cUveoli,  which  are  the 
sections  of  the  tubules  and  the  bulgings,  and  which  at  some  parts 
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of  the  section  appear  to  be  closed  spaces  and  at  others  to  com- 
municate with  each  other,  or  with  a  passage  in  the  centre  of  the 
lobule  leading  to  the  lumen  of  the  duct.  The  appearances  thus 
presented,  at  least  by  a  suckling  gland,  contrast  markedly  with 
those  of  an  ordinary  gland,  such  as  the  submaxillary,  by  reason  of 
the  large  alveoli  with  their  conspicuously  wide  lumina,  often 
occupied  by  remains  of  the  milk. 

The  ducts  consist  of  an  epithelium  resting  on  a  connective 
tissue  basis  which  in  the  case  of  the  main  ducts  is  strengthened 
with  longitudinally  disposed  plain  muscular  fibres  continuous  with 
the  muscular  fibres  present  in  the  dermis  of  the  nipple.  Over  the 
greater  part  of  their  course  the  ducts  are  lined  with  a  single  layer 
of  columnar  epithelial  cells,  but  at  the  mouths  of  the  main  ducts 
on  the  nipple  these  pass  into  an  epidermis  of  more  than  one  layer 
of  flattened  cells.  Just  before  opening  on  to  the  nipple  each 
main  duct  is  widened  into  a  flask-shaped  enlargement.  At  the 
termination  of  the  small  ducts  in  the  lobules,  the  columnar 
epithelium  is  said  to  give  place  to  flattened  cells,  so  that  this  part 
of  the  duct  might  be  callea  a  ductule  corresponding  to  the  ductule 
of  a  salivary  gland. 

§  610.  The  appearances  presented  by  the  alveoli  differ  widely 
according  as  the  gland  is  one  which  is  being  used  for  suckling  or 
is  one  in  a  resting  or  dormant  condition,  that  is  to  say  before 
any  pregnancy  at  all  has  taken  place  or  in  the  interval  between 
two  suckling  periods.  In  the  suckling  gland  each  alveolus  consists 
of  a  basement  membrane,  presenting  the  usual  characters,  lined 
with  a  single  layer  of  cells  leaving  a  wide  lumen;  but  the 
appearances  presented  by  the  cells  differ  from  time  to  time 
according  to  circumstances  and  are  not  the  same  in  all  the  alveoli 
at  the  same  time.  We  may  however  distinguish  two  conditions 
which,  since  they  seem  to  correspond  to  the  loaded  and  discharged 
conditions  of  an  ordinary  gland,  we  may  call  the  loaded  and  the 
discharged  phase  respectively,  conditions  intermediate  between 
the  two  being  met  with. 

In  the  discharged  phase  the  alveolus  is  lined  by  a  layer  of  low 
cubical  or  even  flattened  cells,  so  that  the  relatively  large  area  of 
the  alveolus  is  almost  wholly  occupied  by  the  lumen  in  which 
some  of  the  constituents  of  the  milk  may  still  be  retained.  Ektch 
cell  consists  of  granular  cell-substance  in  which  is  placed  a 
rounded  or  oval  nucleus.  Sometimes  the  free  edge  of  the  cell  is 
jagged  and  uneven  as  if  a  portion  of  the  free  border  had  been  torn 
away. 

In  a  fully  loaded  phase  the  appearances  are  very  different 
The  alveolus  is  now  Imed  with  a  layer  of  tall  columnar  cells 
projecting  unevenly  into  the  lumen,  the  outline  of  which  is 
correspondingly  irregular  and  the  area  of  which  is  much  reduced. 
While  the  broader  base  of  each  cell  rests  on  the  basement 
membrane,  the  other  end,  conical  or  irregular,  stretches  towards  the 
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centre  of  the  lumen.  Instead  of  one  nucleus,  two  or  even  more  are 
now  present,  one  well  formed  and  normal  being  placed  nearer  the 
base,  and  the  others,  often  shewing  signs  of  brealcing  or  degenera- 
tion, nearer  the  free  end.  Sometimes  constrictions  are  seen 
whereby  the  free  peripheral  portion  of  the  cell,  including  one  or 
more  of  the  nuclei,  is  apparently  being  separated  from  the  basal 
portion  in  which  the  remaining  nucleus  is  lo<lged;  and  occasionally 
portions  or  fragments  of  cells,  nucleated  or  nucleusless,  may 
be  seen  lying  in  the  cavity  of  the  alveolus.  In  the  cell-substance, 
especially  towards  the  free  border  of  the  cell,  are  numerous  oil 
globules  of  various  sizes  as  well  as  granules  or  particles  of  other 
nature ;  some  of  the  larger  oil  globules  may  be  seen  projecting 
from  the  surface  as  if  about  to  be  extruded  from  the  cell ;  and  in 
the  cavity  of  the  alveolus  oil  globules  with  a  thinner  or  thicker 
coating  of  cell-substance  are  frequently  present. 

Between  such  a  fully  loaded  phase,  and  a  completely  discharged 
phase,  various  intermediate  conditions  may  be  observed,  the  cells 
being  of  greater  or  less  height,  containing  one  nucleus  only  or 
more  than  one,  the  cell-substance  occupied  with  few  or  with  many 
oil  globules  and  other  granules,  and  the  free  border  more  or  less 
jagged 

Putting  these  facts  together  we  may  draw  the  following 
conclusion,  which  is  supported  by  other  evidence,  as  to  the 
changes  in  the  gland  wnich  characterize  the  loading  and  the 
discharge.  During  loading  the  low  flattened  cell  of  the  discharged 
alveolus  grows  rapidly,  elongating  into  the  cylindrical  form,  and 
the  nucleus  gives  birth  to  two  or  more  new  nuclei.  Mean- 
while active  metabolism  is  going  on  in  the  cell -substance,  deposits 
of  fat  as  well  as  of  other  substances  are  taking  place.  By 
what  seems  to  be  of  the  nature  of  an  amoeboid  movement,  some  of 
the  oil  globules  (and  possibly  other  matters)  are  extruded  from 
the  cell,  much  in  the  same  way  that  an  amooba  extrudes  its  ex- 
crement. But  besides  this,  a  division  of  the  cell,  that  is  a  separation 
of  part  of  the  cell-substance  with  an  included  nucleus,  takes  place, 
the  daughter  cell  thus  thrown  oflf  passing  into  the  alveolus  to  form 
part  of  the  milk  ;  or  a  budding  of  the  cell  occurs,  part  of  the  cell 
without  a  nucleus  being  similarly  cast  off  and  undergoing  a 
similar  fate.  In  other  words  the  secreting  cell  grows,  loads  itself 
with  metabolic  products,  and  when  loaded  gives  off  bodily  part  of 
itself  to  contribute  to  the  secretion,  part  of  the  cell,  and  that  part 
always  retaining  a  nucleus,  remaining  behind  in  order  to  secure 
subsequent  growth  and  further  secretion. 

The  secretion  of  milk  differs  from  such  a  secretion  as  that  of 
saliva,  and  approaches  the  formation  of  sebum  (§  437)  inasmuch 
as  the  transformed  cell  substance  is  shed  bodily  to  form  part  of 
the  milk.  We  say  form  part  of  the  milk  because  this  gross  mode 
of  secretion  is  accompanied  by  the  more  ordinary  mode.  The  cells 
are  at  the  same  time  in  the  more  ordinary  way  discharging  into 
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the  lumen  water  holding  saline  and  other  constituents  in  solution. 
And  the  peculiar  features  of  milk,  as  we  shall  see  presently, 
correspond  to  this  double  mode  of  secretion.  Perhaps  however  we 
ought  not  to  call  it  a  double  mode,  for  the  one  method  really 
passes  insensibly  into  the  other.  The  discharge  of  sodium 
chloride  in  solution  from  every  kind  of  gland,  of  mucin  from  a 
mucous  gland,  of  oil  globules  with  a  proteid  envelope  from  a 
mammary  gland,  and  lastly  of  nucleated  loaded  cell-substance 
from  the  mammary  gland,  present  so  many  different  phases  of 
the  same  act  of  secretion. 

§  611.  The  dormant  resting  mammary  gland,  that  for  instance 
of  an  animal  which  has  never  been  pregnant,  is  much  smaller  than 
a  suckling  gland,  owing  to  the  alveoli  being  both  smaller  and  less 
numerous.  Each  alveolus  moreover  is  not  a  cavity  lined  with 
a  single  layer  of  epithelium,  but  a  solid  cylinder  or  mass  of 
comparatively  small,  rounded  or  polyhedral  cells.  So  long  as 
pregnancy  does  not  occur  the  growth  of  these  is  exceedingly 
slow,  and  the  products  of  such  metabolism  as  goes  on  in  them 
are  carried  away  by  the  blood,  so  that  under  normal  circumstances 
no  secretion  takes  place. 

When  pregnancy  occurs  rapid  growth  of  the  mamma  takes 
place,  numerous  new  alveoli  being  formed  by  budding,  but  all  for  a 
time  remaining  solid  cylinders  of  cells.  At  the  approach  of  the 
birth  of  the  offspring,  the  central  cells  undergo  metabolic  changes, 
especially  a  fatty  transformation,  and  either  before  or  after  birth 
are  cast  off,  leaving  a  single  layer  to  line  the  alveoli  and  to  cany 
on  the  work  of  secretion  as  described  above.  It  is  generally 
supposed  that  these  shed  cells  supply  the  so-called  'colostrum 
corpuscles '  characteristic  of  the  first  milk,  of  which  we  shall  speak 
presently.  At  the  end  of  lactation  an  absorption  of  some  of  the 
alveoli  takes  place  ;  and  in  old  age  still  further  absorption  goes  on 
with  great  diminution  of  the  lumina. 

§  612.  The  connective  tissue,  joining  together  the  lobules  of 
various  sizes,  surrounding  the  lobules  and  running  in  between  the 

E rejecting  blind  ends  of  the  alveoli  within  the  lobules,  is  rich  in 
lood  vessels  which  form  capillary  networks  round  the  alveoli ;  i 
also  carries  a  considerable  number  of  lymphatic  vessels  which 
in  lymph-spaces  around  the  alveoli  and   elsewhere.     Leucocytes^e. 
are  numerous  in  the  spaces  of  this  connective  tissue,  and  som 
of  them  may  make  their  way  through  the  basement  membrane  an 
between  the  secreting  cells  into  the  cavities  of  the  alveoli  and 
appear  in  the  milk. 

§  613.     The  nature  of  milk.    Human  milk  has  a  specific 
gravity  of  from  1"028  to  1*034,  and  when  quite   fi'esh 
a  slightly  alkaline  reaction.     It  speedily  becomes  acid ;  and  cow' 
milk,  even  when  quite  fresh,  is  sometimes  slightly  acid,  the  chan^ 
of  reaction  taking  place  during  the  stagnation  of  the  milk  in  t! 
mammary  ducts. 
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The  constituents  of  milk  are  : 

1.     Proteids,  viz.  casein,  and  an  albumin,  agreeing  in  its  general 
features  with  ordinary  serum-albumin,  but  which,  since  it  is  said 
to  differ  somewhat  in  its  solubilities  and  rotatory  power  from  serum- 
albumin,  has  been  called  lactcdbumin.      The  casein,  as  we  have 
seen,  §  207,  undergoes   through  the  action  of  rennin  a  change 
whereby  insoluble  casein  (tyrem)  makes  its  appearance  and  the 
milk  is  curdled     Casein   may   however  be   precipitated   in  an 
unchanged   form   by  saturating  milk   with   neutral   salts,  or  by 
the  careful  addition   of  acetic  acid  to  diluted  milk,  or  by  first 
addine   to   the   diluted    milk   a   slight   quantity   of  acetic   acid 
and   ttien  passing   through   it   a  stream   of  carbonic   acid.     In 
the  filtrate   the   presence   of  the   lactalbumin,  which   occurs  in 
small  and  variable  quantities,  may  be  shewn  by  coagulation  yrith 
heat,  or  bv  precipitation  with  potassium  ferrocyanide,  &c.     In  the 
process  of  curdling  the  casein,  as  stated  in  §  207,  appears  to  be 
not  simply  changed  into  tyrein  but  to  be  split  up  into  tjTcin  and 
into  another  proteid,  which  unlike  the  lactalbumin  is  not  coagulated 
by  heat  and  which  appears  to  be  allied  to  peptone  or  albumose. 
This  or  a  similar  peptone-like  body  has  also  been  found  in  small 
quantities  even  in  milk  which  has  not  curdled ;  it  has  been  called 
lactoprotein.     The  lactalbumin,  though  coagulated  by  heat  when 
isolated,  is  not  so  coagulated  as  it  exists  in  the  natural  milk,  the 
alkalinity  of  the  milk,  which  is  increased  by  boiling,  preventing 
this.     Similarly  casein,  though  coagulated  by  heat  when  simply 
suspended  in  water  after  being  precipitated,  is  not  coagulated  by 
heat  when  it  exists  in  a  natural  condition  in  milk ;  in  these  respects 
casein  behaves  like  alkali-albumin,  which  it  resembles  in  other 
features  also.     Hence  milk  when  boiled  does  not  coagulate  as  a 
whole,  though  in  the  superficial  layers  exposed  to  the  air  changes 
take   place   by  which   a  film   or   skin,  derived  chiefly  from  the 
albumm  but  partly  from  the  casein,  appears  on  the  surface ;  if  this 
be  removed   a  fresh  portion  undergoes  the  same  change.     The 
peculiar  body  nuclein  which  as  we  have  seen,  §  29,  is  a  complex 
nitrogenous  body  difFering  in  composition  from  proteids,  is  also 
present   in   milk   in   small    quantities,  and    according    to    some 
observers  is  simply  suspended,  not  really  in  solution,  or  is  in  some 
way  peculiarly  associated  with  the  casein. 

2.  Fdts.  These  are,  in  the  main,  palmitin,  stearin,  and  olcin ; 
but  other  fats,  supplied  by  butyric  and  other  fatty  acids  in  combi- 
nation with  glycerine,  accompany  the  above  in  small  quantities. 
In  this  respect  the  fat  of  milk  resembles  that  of  adipose  tissue. 
Lecithin  and  cholesterin  are  also  present  in  very  small  quantity, 
as  well  as  a  yellow  colouring  matter.  The  fat  present  in  milk 
differs  in  different  animals  as  to  the  relative  proportion  of  olein, 
palmitin  and  stearin,  and  as  to  the  kinds  and  relative  amount 
of  the  other  scantier  fats. 

The  mixture  of  these  fats,  fluid  at  ordinary  temperatures,  is 
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E resent  in  natural  milk  in  the  form  of  globules  of  various  sizes 
ut  for  the  most  part  exceedingly  small  (in  man  from  2/^  to  5/a). 
Milk  is  in  fact  a  typical  emulsion,  and  it  is  the  presence  of  the 
casein  in  the  milk  which  brings  about  the  emulsion.  Some 
observers  maintain  that  each  globule  of  fat  is  surrounded  by  an 
envelope  or  membrane  of  solid  undissolved  casein ;  but,  though 
undoubtedly  even  when  the  fat  is  removed  from  the  niilk  each 
globule  remains  surrounded  by  a  layer  of  milk  plasma,  if  we  may 
so  call  it,  rich  in  casein,  there  are  no  adequate  reasons  for  thinking 
that  the  casein  actually  forms  a  membrane. 

On  standing  a  great  deal  of  the  fat  collects  on  the  top 
of  the  milk  in  the  torm  of  cream,  but  in  this,  as  in  the  butter 
which  is  formed  from  it,  the  globules  are  still  discrete,  so  long  at 
least  as  the  butter  is  *  fresh.'  By  the  use  of  a  centrifugal  machine 
nearly  the  whole  of  the  fat  may  be  separated  from  the  plasma. 

3.  Milk  sugar  or  lactose.  This  is  very  apt  to  undergo 
fermentation  into  lactic  acid,  through  the  agency  of  an  organized 
ferment;  the  milk  thus  becomes  sour,  and  the  casein  is  pre- 
cipitated in  a  flocculent  form  when  the  acid  is  produced  in 
sufficient  quantity.  Since  the  change  will  take  place  even  when 
every  care  is  taken  to  exclude  germs  from  the  atmosphere  having 
access  to  the  milk,  the  organized  ferments  must  be  present  in  the 
milk  in  the  ducts  of  the  gland. 

4.  Salts.  Though  traces  of  urea  and  kreatinin  have  been  noted 
by  some  observers,  tne  extractives  of  milk,  beyond  the  lecithin  and 
cholesterin  already  mentioned,  are  insignificant.  The  salts  are  of 
more  importance;  these  are  chiefly  calcic  phosphate,  of  whose 
function  in  the  process  of  curdling  we  spoke  in  §  207,  and  potassic 
and  sodic  chlorides,  with  a  small  quantity  of  magnesic  phosphate. 
Sulphates  appear  to  be  absent.  A  small  quantity  of  an  iron  salt 
is  present,  and  traces  of  sulpho-cyanide  have  been  observed. 
Besides  the  phosphorus  in  the  actual  form  of  phosphates,  milk 
contains  a  further  considerable  quantity  of  phosphorus  in  the 
proteids  and  in  the  nuclcin,  as  well  as  some  sulphur  in  the  former. 
The  inorganic  constituents  of  milk  may,  broadly  speaking,  be  sai' 
to  differ  distinctly  from  those  of  blood,  and  to  much  more 
resemble  those  of  the  entire  body. 

The  composition  of  milk  in  the  same   animal  varies   widel 
from  time  to  time,  and  besides  undergoes  marked  changes  durin 
the   period   of  lactation.      The   relative  general   composition  o 
human  milk  and  that  of  the  cow,  the  mare,  and  the  bitch  ma^ 
perhaps  be  shewn  by  the  following  table : — but  it  is  difficult    "* 
draw  an  average  since  the  individual  analyses  given   differ 
much  ;  the  figures  given  for  casein  and  fat  in  the  nulk  of  the 
may  be  unusually  high. 
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Average  Composition  of  Milk  in  Different  Animals, 

Woman.  Cow.  Mare.  Bitch 


Casein  &c.     2 

4 

2-5 

10 

Fats               2-75 

4 

2 

10 

Sugar            5 

4-4 

5 

35 

SaltH                -25 

•6 

•5 

•5 

Total  Solids             10 

13 

10 

24 

Water                       90 

87 

90 

76 

The  quantity  of  milk  secreted  by  a  woman  in  twenty  hours  at 
the  height  of  lactation  has  been  calculated  at  700  to  800  cc.  A 
good  milch  cow  will  yield  about  10  litres  of  milk  per  diem. 

§  614.  Colostrum,  This  is  the  name  given  to  the  milk 
secreted  at  the  beginning  of  a  period  of  lactation,  just  before 
and  for  some  days  afler  parturition.  This  milk  diifers  from  the 
subsequent  milk  in  microscopical  characters  and  in  chemical 
composition. 

When  ordinary  milk  is  examined  under  the  microscope  hardly 
anything  'm  seen  besides  the  fat  globules  except  a  very  few 
imperfect  cells  or  portions  of  cells  consisting  of  cell-substance 
more  or  less  loaded  with  fat  and  containing  sometimes  a  more 
or  less  altered  nucleus.  A  few  minute  granules,  thought  by  some 
to  be  particles  of  suspended  casein  or  nuclein,  are  however  also 
visible. 

Colostrum  on  the  other  hand  contains  a  large  number  of  cells 
or  corpuscles,  which  have  been  called  *  colostrum  corpuscles*.  Some 
of  these  closely  resemble  leucocytes,  others  are  either  cells  of  about 
the  same  size,  round  or  irregular,  and  possessing  a  nucleus,  often 
misshapen,  or  are  merely  portions  of  cell-substance  without  a 
nucleus.  In  all  of  them  the  cell-substance  may  be  loaded  with 
fet  globules  or  may  be  fairly  free  from  fat.  Some  of  these  cells 
appear  to  be  undergoing  disintegration  ;  some  may  at  a  favourable 
temperature  exhibit  slow  amoeboid  movement,  and  must  then  at 
least  be  regarded  as  living. 

Colostrum  also  diifers  from  ordinaiy  milk  in  containing  not 
only  a  large  quantity  of  albumin  (lactalbumin)  but  also  a  decided 
amount  of  globulin.  In  consequence  of  this  colostrum  differs  from 
milk  inasmuch  as  it  is  distinctly  coagulated  by  heat. 

As  stated  above,  during  the  rapid  growth  by  which  the  gland  is 
enlarged  preparatory  to  lactation,  the  alveoli  are  at  first  solid 
masses  of  cells  with  little  or  no  lumen,  and  a  lumen  is  established 
subsequently  by  the  discharge  of  the  central  cells.  It  is  usually 
supposed  that  the  cells  so  discharged,  some  undergoing  much, 
others  comparatively  little  change,  supply  the  colostrum  corpuscles 
just  spoken  of,  and  at  the  same  time  furnish  the  globulin  and 
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excess  of  albumin  also  characteristic  of  colostrum.  But  this  is  not 
certain.  The  alveoli  at  this  time  contain  peculiar  cells  resembling 
colostrum  corpuscles  except  that  they  are  free  from  fat ;  and  it  is 
suggested  that  these  beinc;  discharged  and  taking  up  fat  in 
amoeboid  fashion  become  colostrum  corpuscles.  Some  regard  the 
colostrum  corpuscles  as  simply  leucocytes  which  have  similarly 
taken  up  fat. 

§  616.  The  mammary  gland  is  present  both  in  the  female 
and  the  male  child  at  birth ;  and  in  both  sexes  at  and  for  a  few 
days  after  birth  is  thrown,  in  common  with  all  the  other  secreting 
glands,  into  secretory  activity,  and  a  small  quantity  of  milk,  the 
"  witches'  milk  "  so  called  by  the  Germans,  is  discharged  fix>m  the 
nipple.  This  milk  resembles  in  all  essential  features  the  milk  of 
lactation.  In  both  sexes  this  initial  activity  soon  passes  off,  the 
gland  in  the  female  further  developing  at  puberty,  but  in  the  male 
remaining,  save  in  exceptional  cases,  in  its  infantile  condition  or 
somewhat  retrograding. 

§  616.  The  secretion  of  milk.  From  what  has  been  already 
said  it  is  obvious  that  the  secretion  of  milk,  while  resembling 
the  secretion  of  the  other  secreting  glands  which  we  have  studied 
in  being  essentially  an  activity  of  the  epithelium  cells  lining  the 
alveoli,  nevertheless  presents  certain  interesting  features  special  to 
itself.  If  the  account  given  in  §  510  be  a  true  one,  morphological^ «^al 
changes  in  the  cells  are  more  prominent  than  in  the  case  of  otherrac:  ^r 

glands ;  and  we  may  interpret  the  appearances  there  related  some ^- 

what  as  follows.   When  the  discharged  gland  with  its  low  epitheliu 


begins  the  work  of  loading,  the  cells  distinctly  *  grow.'     Their  cell J- 

substance  increases  in  bulk,  and  elongating  projects  into  the  lumensi^MD 
of  the  alveolus.  At  the  same  time  the  nucleus  divides  as  if  the  celK^  -U 
were  about  to  give  birth  to  new  cells ;  but  at  first  at  all  events 
division  of  the  cell-substance  takes  place,  and  the  new  nuclei  E 
imbedded  in  a  common  cell  body.  The  cell-substance  meanwhil 
puts  on  secretory  activity ;  it  deposits  in  itself  material  to  fo; 
milk.  The  deposit  of  fat  is  conspicuous  and  easily  recogni 
but  we  may  fairly  infer  that  the  other  less  easily  distinguishciP  -d 
protcid  and  carbohydrate  materials  are  deposited  in  the  cellK^  1- 
substance  in  a  similar  fashion.  Then  follows  the  ejection  of 
prepared  material ;  and  this  may  take  place  in  one  of  two  way 
The  oil  globules  of  fat  may  be  protruded  from  the  cell-substan 
much  in  the  same  way  that  an  amoeba  extrudes  its  excrement,  aim^d 

possibly  other  constituents  of  milk  may  be  ejected  by  a  simil ar 

method.     But  besides  this,  the  deferred  cell  division  now  taki^zies 
place  in  a  somewhat  imperfect  fashion,  so  that  portions   of  t        "be 
old  cell  carrying  nuclei  with  them  come  asunder  from  the  rest        of 
the  cell  in  which  a  nucleus  is  left,  and  lie  loose  in  the  lumen       of 
the  alveolus ;  portions  of  cell-substance  free  from  nuclei  app^evr 
also  to  be  cast   off.     Here,  in  the  lumen  of  the  alveolus,  tki.ep 
rapidly  undergo  change;  the  cell-substance  is  altered  and  cJzi?- 
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solved,  and  its  load  of  prepared  material,  probably  undergoing  in 
the  act  some  further  change,  is  set  free,  the  nuclei  also  under- 
going change  and  becoming  ultimately  broken  up.  Hence  the 
constituents  of  milk  are  provided  for,  not  only  as  in  other  glands 
by  the  material  with  which  the  cell  loads  itself  and  subsequently 
discharges  into  the  lumen  of  the  alveolus,  but  also  by  the  actual 
substance  of  part  of  the  cell  itself  The  characteristic  nuclein  of 
the  milk  has  thus  its  origin  in  all  probability  in  the  shed  nuclei 
of  the  secreting  cells,  and  we  may  perhaps  infer  that  the  still 
more  characteristic  casein  exists  in  milk  in  the  form  of  casein  and 
not  of  some  other  proteid  in  consequence  of  this  intervention  of 
the  actual  cell-substance  in  the  formation  of  the  milk. 

It  is  hardly  necessary  to  add  that  these  bodily  contributions  of 
the  secreting  cell  to  the  secretion  are  accompanied  by  that  more 
ordinary  part  of  secretion  which  consists  in  the  flow  of  fluid 
containing  various  matters  in  solution  through  the  cells  into  the 
alveoli,  the  general  composition  of  the  milk  being  thus  secured. 

§  517.  The  secretion  of  milk  then  would  appear  to  illustrate, 
even  more  fully  and  clearly  than  do  other  glands,  the  truth  on 
which  we  have  so  often  insisted,  that  a  secretion  is  eminently  the 
result  of  the  metabolic  activity  of  the  secreting  cell.  The  blood 
is  the  ultimate  source  of  milk,  but  it  becomes  milk  only  through 
the  activity  of  the  cell,  and  that  activity  consists  largely  in  a 
metabolic  manufacture  by  the  cell  and  in  the  cell  of  the  common 
things  brought  by  the  blood  into  the  special  things  present  in  the 
milk.  Experimental  results  tell  the  same  tale.  Thus  the  quantity 
of  fat  present  in  milk  is  largely  and  directly  increased  by  proteid, 
but  not  increased,  on  the  contrary  diminished,  by  fatty  food.  This 
effect  on  the  mammary  gland  in  particular  is  in  accordance  with 
what  we  shall  presently  learn  to  be  the  general  effect  on  the  body 
of  proteid  in  contrast  to  that  of  fatty  food  ;  proteid  food  seems  to 
increase  the  general  metabolic  activity  of  the  body  while  fatty 
food  tends  to  lessen  it.  Moreover  the  proteid  food  seems  actually 
to  fiirnish  the  fat ;  and  we  have  already  suggested  a  manner  in 
which  proteids  may  give  rise  to  fat.  That  the  fat  of  the  milk 
need  not  necessarily  come  from  the  fat  of  the  food  is  shewn  by  the 
following  experiment.  A  bitch  fed  on  meat  for  a  given  period 
gave  off*  more  fat  in  her  milk  than  she  could  possibly  have  taken 
in  her  food ;  and  this  moreover  took  place  while  she  was  gaining 
in  weight  and  *  laying  on  fat,'  so  that  she  could  not  have  supplied 
the  mammary  gland  with  fat  by  simply  transferring  fat  from  the 
store  previously  existing  in  the  adipose  tissue  of  her  body ;  she 
apparently  obtained  the  fat  ultimately  from  the  proteids  of  her 
food.  And  the  histological  facts  given  above  favour  the  view  that 
the  formation  of  fat  out  of  proteids  in  such  cases  takes  place  in  the 
cells  of  the  alveoli.  The  experimental  then  as  well  as  the  histo- 
logical evidence  goes  to  shew  that  the  fat  of  milk  is  formed  in  the 
cell  and  by  the  cell,  and  is  not  simply  gathered  out  of  the  blood. 

F.  50 
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The  casein  in  a  similar  way  seems  to  be  formed  by  the  action 
of  the  cell.  It  cannot  be  gathered  out  of  the  blood  since  the  blood 
contains  no  real  casein ;  it  must  be  formed  in  the  gland.  Some 
observers  have  maintained  that  when  milk  is  kept  at  35^  the  casein 
is  increased  through  some  ferment  action  taking  place  in  the  milk 
itself;  but  this  seems  not  to  be  the  case,  and  the  formation  of  casein 
must  be  regarded  as  the  result  of  the  action  of  the  cell.  Even 
the  albumin  present  appears  to  be  not  the  ordinary  serum-albumin 
simply  passea  from  the  blood  through  the  cell  into  the  lumen  of 
the  alveolus,  but  the  slightly  diiFerent  lactalbumin.  We  may 
perhaps  regard  the  albumin  as  less  difficult  to  manufacture  than 
the  casein ;  and  we  may  explain  the  fact  that  relatively  to  the 
albumin  the  casein  is  less  at  the  very  beginning  and  especially 
toward  the  end  of  lactation,  by  supposing  that  the  cell  has  in  the 
first  case  not  got  into  full  working  order  and  in  the  second  case 
is  waning  in  power.  The  peptone-like  body  in  milk  though  small 
in  quantity  is  a  further  indication  of  the  proteid  metabolism 
taking  place  in  the  cell. 

That  the  milk-sugar,  lactose,  also  is  formed  in  and  by  the  cell, 
is  indicated  by  the  facts  that  it  is  found  in  no  other  part  of  the 
body,  and  that  it&  presence  in  milk  is  not  dependent  on  carbo- 
hydrate food,  for  it  is  maintained  in  abundance  in  the  milk  of 
camivora  when  these  are  fed  exclusively  on  meat,  as  free  as 
possible  from  any  kind  of  sugar  or  glycogen.  A  glycoguu-like 
body  has  moreover  been  described  as  existing  in  the  cells,  and  it 
is  suggested  that  this  body  is  the  antecedent  of  the  lactose. 

We  thus  have  evidence  in  the  mammary  gland  of  the  fonna- 
tion,  by  the  metabolic  activity  of  the  secreting  cell,  of  the 
representatives  of  the  three  great  classes  of  food-stuifs,  proteids, 
fats,  and  carbohydrates.  It  is  of  course  quite  true  that  all  the  cell 
has  to  do  may  be  simply  to  turn  aside  into  the  special  casein,  fats, 
and  lactose,  the  general  supply  of  proteids,  fats,  and  carbohydrates 
brought  to  it  iu  the  blood,  without  these  ever  becoming  actually 
part  of  the  cell,  the  formation  of  fat  out  of  proteid  spoken  of 
above  taking  place  in  some  other  part  of  the  body.  Still  it  is 
open  for  us  to  suppose  that  they  are  all  three  formed  in  the  cell 
itself  out  of  the  comprehensive  living  cell-substance.  If  we 
accept  the  latter  view  we  may  look  upon  what  is  taking  place  iu 
the  mammary  cell  as  a  picture  of  what  is  going  on  in  various  living 
tissues.  If  the  fat  of  the  milk  were  not  ejected  from  the 
mammary  cell,  the  mammary  gland  would  become  a  mass  of 
adipose  tissue,  especially  if,  by  a  slight  change  in  the  metabolisin, 
the  production  of  fat  were  exalted  at  the  expense  of  the  production 
of  casein  or  milk-sugar.  If,  again,  by  a  similar  slight  cnauge  the 
milk-sugar  were  accumulated  rather  than  the  fat  or  proteid,  we 
should  have  a  result  which,  by  an  easy  step,  would  bring  us  to 
glycogenic  tissue.  And,  lastly,  if  the  proteid  accumulation  were 
greater  than  the  fatty,  or  the  saccharine,  these  being  carried  off 
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in  some  way  or  other,  we  should  have  an  imaf^e  of  the  nutrition  of 
such  a  tissue  as  muscle,  in  which  the  proteid  constituent  is  in 
excess  of  the  others. 

§  618.  That  both  the  secretion  and  ejection  of  milk  are  under 
the  control  of  the  nervous  system  is  shewn  by  common  experience, 
but  the  exact  nervous  mechanism  has  not  yet  been  fiiUy  worked 
out.  While  erection  of  the  nipple  ceases  when  the  spinal  nerves 
which  supply  the  breast  are  divided,  the  secretion  continues,  and 
is  not  arrested  even  when  the  sympathetic  as  well  as  the  spinal 
nerves  are  cut. 
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CHAPTER  V. 


NUTRITION. 


SEC.    1      THE  STATISTICS  OF  NUTRITION. 


§  619.  The  preceding  chapter  has  shewn  us  how  whoUy^^J 
impossible  it  is  at  present  to  master  the  metabolic  phenomena^"^^^ 
of  the  body  by  attempting  to  trace  out  forwards  or 
the  several  changes  undergone  by  the  individual  constituent 
of  the  food,  the  body,  or  the  waste  products.  Another  metl 
is  however  open  to  us,  the  statistical  method.  We  may 
the  total  income  and  the  total  expenditure  of  the  body  during^K.  S 
a  given  period,  and  by  comparing  the  two  may  be  able  to 
conclusions  concerning  the  changes  which  must  have  taken  plac^^ 
in  the  body  while  the  income  was  being  converted  into  the 
output.  Many  researches  have  been  carried  out  by  this  method 
but  valuable  as  are  the  results  which  have  been  thereby  gaine^^^» 
they  must  be  received  with  caution,  since  in  this  method  of  inquir^-r^c-iy 
a  small  error  in  the  data  may,  in  the  process  of  calculation  an».^:^KDd 
inference,  lead  to  most  wrong  conclusions.  The  great  use  of  8uc'^:^-ich 
inquiries  is  to  suggest  ideas,  but  the  views  to  which  they  give  ris^  -inse 
need  to  be  verified  in  other  ways  before  they  can  acquire  mm  — ^t^^l 
worth. 

Composition  of  the  Aniinal  Body.     The  first  datum  we  requiKL-^r -ire 
is  a  knowledge  of  the  composition  of  the  body,  as  far  as  the  relati^^  .-«Ve 
proportion  of  the  various  tissues  is  concerned     In  the  human  hoizm  ^>dy 
the  proportions  by  weight  of  the  chief  tissues,  in  the  fresh  stal^^^^i 
are  probably  somewhat  as  follows : 
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Adult  Man.  Newborn  Baby. 

Skeleton  15*9  p.  c.  17*7  p.  c 

Muscles  41-8  „  229  „ 

Thoracic  viscera  1*7  „  3*0  „ 

Abdominal  viscera  7*2  „  11*6  „ 

Fat  18-2  „  /         g^.^ 

Skin  6-9  „  1         ^""  " 

Brain  19  „  158  „ 

An  analysis  of  a  cat  has  given  the  following  result : 

Muscles  and  tendons  45*0  p.  c. 

Bones  147  „ 

Skin  120  „ 

Mesentery  and  adipose  tissue       3*8  „ 

Liver  4*8  „ 

Blood  (escaping  at  death)  6*0  „ 

Other  organs  and  tissues  13'7  „ 

One  point  of  importance  to  be  noticed  in  these  analyses  is  that 
the  skeletal  muscles  form  nearly  half  the  body ;  we  have  already 
seen  (§  38)  that  about  a  quarter  of  the  total  blood  in  the  body  is 
contained  in  them,  and  have  already  (§  484)  insisted  that  a  large 
part  of  the  metabolism  of  the  body  is  carried  on  in  the  muscles. 
Next  to  the  muscles  we  must  place  the  liver,  for  though  far  less  in 
bulk  than  them,  it  is  subject  to  a  very  active  metabolism ;  this  is 
suggested  by  the  fact  that  it  alone  may  hold  about  a  quarter  of  the 
whole  blood,  and  is  also  indicated  by  the  numerous  facts  brought 
before  us  in  the  preceding  chapter. 

§  620.  The  Starving  Body,  Before  attempting  to  study  the 
influence  of  food,  it  will  be  useful  to  ascertain  what  changes  occur 
in  a  body  when  all  food  is  withheld  A  cat  of  known  weight  was 
starved  for  13  days.  At  the  beginning  of  the  period  the  body  was 
presumed  to  have  the  composition  given  above ;  at  the  close  of  the 
period  a  direct  analysis  of  the  body  was  made.  From  this  it 
appeared  that  during  the  hunger  period  the  cat  had  lost  734 
grammes  of  solid  material,  of  which  248*8  were  fat  and  118*2 
muscle,  the  remainder  being  derived  from  the  other  tissues.  The 
percentages  of  dry  solid  matter  lost  by  the  more  important  tissues 
auring  the  period  were  as  follows : 

Adipose  tissue  97*0  p.  c. 

Spleen  63*1    „ 

Liver  56*6   „ 

Muscles  30-2 

Blood  17*6 
Brain  and  spinal  cord         0*0 

Thus  the  loss  during  starvation  fell  most  heavily  on  the  fat,  in- 
deed nearly  the  whole  of  this  disappeared.     Next  to  the  fat,  the 
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glandular  organs,  the  tissues  which  we  have  seen  to  be  eminently 
metabolic,  suffered  most.  Then  come  the  muscles,  that  is  to  say, 
the  skeletal  muscles,  for  the  loss  in  the  heart  was  very  trifling; 
obviously  this  organ,  on  account  of  its  importance  in  carrying  on 
the  work  of  the  economy,  was  spared  as  much  as  possible :  it  was 
in  fact  fed  on  the  rest  of  the  bodv.  The  same  remark  applies  to 
the  brain  and  spinal  cord ;  in  order  that  life  might  be  prolonged 
as  much  as  possible,  these  important  organs  were  nourished  by 
material  drawn  from  less  nobie  organs  and  tissues.  The  blood 
suffered  proportionally  to  the  eeneral  body-waste,  becoming  gra- 
dually less  m  bulk  but  retainmg  the  same  specific  gravity;  of 
the  total  dry  proteid  constituents  of  the  body  17'3  p.  c.  was  lost, 
which  agrees  very  closely  with  the  17*6  p.  c.  dry  material  (almost 
wholly  proteid)  lost  by  the  blood.  It  is  worthy  of  remark  that  the 
tissues  m  general  became  more  watery  than  in  health.  Similar 
observations  on  other  animals  have  led  to  similar  results,  the  chief 
discordance  being  that  in  some  cases  the  bones  have  suffered 
considerable  loss,  in  others  comparatively  little.  We  might  be 
inclined  to  infer  from  these  data  the  conclusions  that  metabolism 
is  most  active  in  the  adipose  tissue,  next  in  such  metabolic  tissues 
as  the  hepatic  cells  and  spleen-pulp,  then  in  the  muscles,  and  so 
on;  but  we  have  no  warrant  for  these  conclusiona  Because 
the  loss  of  cardiac  and  nervous  tissue  was  so  small,  we  must  not 
therefore  infer  that  their  metabolism  was  feeble ;  they  may  have 
undergone  rapid  metabolism,  and  yet  have  been  preservea  from 
loss  of  substance  by  their  drawing  upon  other  tissues  for  their 
material.  The  great  loss  of  adipose  tissue  is  obviously  to  be 
explained  by  the  fact  that  that  tissue  is  essentially  a  storehouse  of 
material,  and  the  similarly  great  though  less  loss  in  the  spleen  and 
liver  indicates,  as  indeed  the  facts  recorded  in  the  previous  chapter 
suggest,  that  these  orgsms  too  serve  in  part  as  storehouses. 

During  this  starvation  period,  the  urine  contained  in  the  form 
of  urea  (and  that  practically  represents  all  the  nitrogen  of  the 
urine)  27*7  grammes  of  nitrogen.  Now  the  amount  of  muscle 
which  was  lost  during  the  period  contained  about  15'2  of  nitrogea 
Thus,  more  than  half  the  nitrogen  of  the  output  during  the 
starvation  period  must  have  come  ultimately  from  the  metabolism 
of  muscular  tissue.  This  fact  we  have  already  used  in  discussing 
the  history  of  urea  and  shall  have  occasion  to  make  further  use  of 
it  hereafter.  The  amount  of  urea  excreted  per  diem  has  been 
observed  in  some  cases  to  fall  very  rapidly  during  the  first  day  or 
two  of  starvation,  and  then  to  diminish  gradually,  though  often 
shewing  considerable  irregularities.  In  other  cases  no  such  large 
initial  fall  has  been  observed.  It  is  most  marked  in  animals  which 
have  been  well  fed  before  the  beginning  of  the  starvation,  especially 
in  those  which  have  had  a  rich  nitrogenous  diet ;  and  the  discharge 
in  these  cases  of  an  extra  quantity  of  urea  in  the  first  day  or  two 
is  obviously  connected  with  that  immediate  effect  of  food  on  the 
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excretion  of  urea  to  which  we  have  already  (§  487)  referred  and 
to  which  we  shall  have  to  return  in  speaking  of  what  is  known  as 
"  luxus-consumption.'' 


Comparison  of  Income  and  Output  of  Material. 

§  621.  Method.  We  have  now  to  inquire  how  the  elements  of 
food  are  distributed  in  the  excreta,  in  order  that,  from  the  manner 
of  thef  distribution,  we  may  infer  the  nature  of  the  intermediate 
stages  which  take  place  within  the  body.  By  comparing  the 
ingesta  with  the  excreta,  we  shall  learn  what  elements  have  been 
retained  in  the  body,  and  what  elements  appear  in  the  excreta 
which  were  not  present  in  the  food ;  from  these  we  may  infer  the 
changes  which  the  body  has  undergone  through  the  influence  of 
the  food. 

In  the  first  place,  the  real  income  must  be  distinguished  from 
the  apparent  one  by  the  subtraction  of  the  faeces.  We  have  seen 
that  Dy  far  the  greater  part  of  the  faeces  is  undigested  matter,  i.  e. 
food  which,  thoueh  placed  in  the  alimentary  canal,  has  not  really 
entered  into  the  body.  The  share  in  the  faeces  taken  up  by  matter 
which  has  been  excreted  from  the  blood  into  the  alimentary  canal, 
is  so  small  that  it  may  be  neglected;  certainly  with  regard  to 
nitrogen,  the  whole  quantity  of  this  element,  which  is  present  in 
the  fijeces,  may  be  regarded  as  indicating  simply  undigested  nitro- 
genous matter. 

The  income,  thus  corrected,  will  consist  of  so  much  nitrogen, 
carbon,  hydrogen,  oxygen,  sulphur,  phosphorus,  saline  matters,  and 
water,  contained  in  the  proteids,  fats,  carbohydrates,  salts,  and 
water  of  the  food,  together  with  the  oxygen  absorbed  by  the  lungs, 
skin,  and  alimentary  canal.  The  output  may  be  regarded  as 
consisting  of  (1)  the  respiratory  products  of  the  lungs,  skin,  and 
alimentary  canal,  consisting  chiefly  of  carbonic  acid  and  water, 
with  small  (quantities  of  hydrogen  and  carburetted  hydrogen,  these 
two  latter  coming  exclusively  from  the  alimentary  canal;  (2)  of 
perspiration,  consisting  chiefly  of  water  and  salts,  for  the  dubious 
excretion  (see  §  438)  of  urea  by  the  skin  may  be  neglected,  and 
the  other  organic  constituents  of  sweat  amount  to  very  little ;  and 
(3)  of  the  unne,  which  is  assumed  to  contain  all  the  nitrogen  really 
excreted  by  the  body,  besides  a  large  quantity  of  saline  matters 
and  of  water.  Where  great  accuracy  is  required  the  total  nitrogen 
of  the  urine  ought  to  be  determined ;  it  is  maintained,  however, 
that  no  errors  of  serious  importance  arise  when  the  urea  alone,  as 
determined  by  Liebigs  method  (which  was  largely  used  in  the 
researches  forming  the  basis  of  the  present  discussion),  is  taken 
as  the  measure  of  the  total  quantity  of  nitrogen  in  the  urine, 
since,   in   this   method,   other    nitrogenous  bodies   besides    urea 
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are  precipitated,  and  so  contribute  to  the  quantitative  result 
It  has  been  and  indeed  still  is  debated  whether  the  body  may 
not  suffer  loss  of  nitrogen  by  other  channels  than  by  the  urine 
and  faeces,  whether  nitrogen  may  not  leave  the  body  by  the 
skin  or  indeed  in  a  gaseous  state  by  the  lungs.  The  balance 
of  the  conflicting  evidence  seems  however  in  favour  of  the  view 
that  no  such  loss  takes  place.  It  would  appear  that  though 
nitrogen,  the  pivot,  so  to  speak,  of  the  chemical  changes  of  living 
beings,  forms  so  large  a  portion  of  the  atmosphere  and  moreover  is 
physically  diffused  through  the  bodies  of  both  plants  and  animals, 
free  nitrogen  is  of  no  chemical  use  to  either  of  them.  It  enters 
into  and  remains  in  their  bodies  as  an  inert  substance,  and  the 
nitrogen  which  leaves  a  plant  or  animal,  in  a  gaseous  state,  is 
simply  a  part  of  the  same  inert  supply  and  does  not  come  from 
the  breaking  up  of  the  nitrogenous  substances  of  the  body  or  of 
the  food. 

Of  these  elements  of  the  income  and  output,  the  nitrogen,  the 
carbon,  and  the  free  oxygen  of  respiration  are  by  far  the  most 
important.  Since  water  is  of  use  to  the  body  for  merely  mechanical 
purposes,  and  not  solely  as  food  in  the  strict  sense  of  the  word,  the 
hydrogen  element  becomes  a  dubious  one;  the  sulphur  of  the 
proteids  and  the  phosphorus  of  the  fats  are  insignificant  in  amoimt ; 
while  the  saline  matters  stand  on  a  wholly  different  footing  from 
the  other  parts  of  food,  inasmuch  as  they  are  not  sources  of  energy, 
and  pass  through  the  body  with  comparatively  little  change.  The 
body-weight  must  of  course  be  carefully  ascertained  at  the 
beginning  and  at  the  end  of  the  period,  correction  being  made 
where  possible  for  the  faeces. 

It  will  be  seen  that  the  labour  of  such  inquiries  is  considerable. 
The  urine,  which  must  be  careftilly  kept  separate  ftx)m  the  faeces, 
requires  daily  measurement  and  analysis.  Any  loss  by  the  skin, 
either  in  the  form  of  sweat,  or,  in  the  case  of  woolly  animals,  of 
hair,  must  be  estimated  or  accounted  for.  The  food  of  the  period 
must  be  as  far  as  possible  uniform  in  character,  in  order  that  the 
analyses  of  specimens  may  serve  faithfully  for  calculations  involving 
the  whole  quantity  of  food  taken ;  and  this  is  especially  the  case 
when  the  diet  is  a  meat  one,  since  portions  of  meat  differ  so  much 
fix)m  each  other.  But  the  greatest  difficulty  of  all  lies  in  the 
estimation  of  the  carbonic  acid  produced  and  tne  oxygen  consumed 
In  some  of  the  earlier  researches  this  factor  was  neglected  and  the 
variations  occurring  were  simply  guessed  at,  through  which  very 
serious  errors  were  introduced.  No  comparison  of  income  and 
output  can  be  considered  satisfactory  unless  at  least  the  carbonic 
acid  produced  be  directly  measured  by  means  of  a  respiration 
chamber.  And  in  order  that  the  comparison  should  be  really 
complete,  the  water  given  off  by  the  skin  and  lungs  must  be 
directly  measured  also ;  but  this  seems  to  be  more  difficult  than 
the  determination  of  the  carbonic  acid. 
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In  the  plan  originally  adopted  by  Regnault  and  Reiset  and  followed 
by  some  other  observers,  the  animal  experimented  on  is  allowed  to 
breathe  a  limited  and  measured  atmosphere.  The  carbonic  acid,  as  fast 
as  it  is  formed,  is  fixed  and  removed  by  a  strong  solution  of  caustic  potash, 
and  the  normal  percentage  of  oxygen  in  the  atmosphere  is  maintained 
by  a  supply  of  this  gas  from  a  gas-holder.  In  this  way  both  the  oxygen 
consumed  and  the  carbonic  acid  produced  are  directly  determined,  while 
the  continual  supply  of  fresh  oxygen  prevents  any  evil  effects  due  to 
breathing  a  confined  portion  of  air.  In  order  however  to  avoid  all 
possible  errors  arising  from  a  too  restricted  atmosphere  a  different  method 
has  been  adopted  by  Pettenkofer  and  Voit.  Their  apparatus  consists 
essentially  of  a  large  chamber,  capable  of  holding  a  man  comfortably. 
By  means  of  a  steam-engine  a  current  of  pure  air,  measured  by  a  gaso- 
meter, is  drawn  through  the  chamber.  Measured  portions  of  the  out- 
going air  are  from  time  to  time  withdrawn  and  analysed ;  and  from  the 
data  afforded  by  these  analyses,  the  amounts  of  carbonic  acid  (and  other 
gases)  and  of  water  given  off  by  the  occupant  of  the  chamber  during  a 
given  time  are  determined.  The  oxygen  consumed  is  not  determined 
directly ;  but  if  the  total  amounts  of  carbonic  acid  and  of  water  given 
out  by  the  lungs  and  skin  are  ascertained  and  the  amount  of  urine  and 
faeces  known,  the  quantity  of  oxygen  consumed  may  be  arrived  at  by  a 
simple  calculation.  For  evidently  the  difference  between  the  terminal 
weight  plus  all  the  egesta  and  the  initial  weight  plus  all  the  ingesta 
can  be  nothing  else  than  the  weight  of  the  oxygen  absorbed  during  the 
period.  This  method  in  turn  however  is  also  open  to  objections,  since 
minute  errors  in  the  analyses  of  the  small  samples  of  air  employed  for 
the  determinations  attain  considerable  dimensions  when  these  are  multi- 
plied so  as  to  give  the  changes  in  the  whole  mass  of  air  passed  through 
the  apparatus.  It  seems  moreover  undesirable  to  leave  the  quantity 
used  of  so  important  an  element  as  oxygen  to  be  determined  by  indirect 
calculations. 

Let  us  imagine,  then,  an  experiment  of  this  kind  to  have  been 
completely  carried  out,  that  the  animal's  initial  and  terminal 
weights  have  been  accurately  determined,  the  composition  of  the 
food  satisfactorily  known  to  consist  of  so  much  proteid,  fat, 
carbohydrates,  salts,  and  water,  and  to  contain  so  much  nitrogen 
and  carbon,  the  weight  of  the  faeces  and  the  nitrogen  they  contain 
ascertained,  the  nitrogen  of  the  urine  determined,  the  carbonic 
acid  and  water  given  off  by  the  whole  body  carefully  measured, 
and  the  amount  of  oxygen  absorbed  calculated — what  interpreta- 
tion can  be  placed  on  the  results  ? 

Let  us  suppose  that  the  animal  has  gained  w  in  weight  during 
the  period.  Of  what  does  w  consist  ?  Is  it  fat  or  proteid  material 
which  has  been  laid  on,  or  simply  water  which  has  been  retained, 
or  some  of  one  and  some  of  the  other  ?  Let  us  further  suppose 
that  the  nitrogen  of  the  urine  passed  during  the  period  is  less, 
say  by  x  grammes,  than  the  mtrogen  in  the  fooa  taken,  after 
deduction  of  course  of  the  nitrogen  in  the  faeces.  This  means 
that  X  grammes  of  nitrogen  have  been  retained  in  the  body ;  and 
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we  may  with  reason  infer  that  they  have  been  retained  in  the 
form  of  proteid  material.  We  may  even  go  fSaxther  and  say  that 
they  are  retained  in  the  form  of  flesh,  i,e,  of  muscle.  In  this 
inference  we  are  going  somewhat  beyond  our  tether,  for  the 
nitrogen  might  be  stored  up  as  some  proteid  constituent  of  the 
hepatic  cells  or  of  some  other  tissue ;  indeed  it  might  be  for  the 
while  retained  in  the  form  of  some  nitrogenous  crystalline  body. 
But  this  last  event  is  unlikely ;  and  if  we  use  the  word  *  flesh  *  to 
mean  nitrogen  (proteid)  hol(£ng  living  substance  of  any  kind,  we 
may  without  fear  of  any  great  error  reckon  the  deficiency  of  x 
grammes  nitrogen  as  indicating  the  storing  up  of  a  grammes  flesh. 
There  still  remain  w  —  a  grammes  of  increase  to  be  accounted  for. 
Let  us  suppose  that  the  total  carbon  of  the  egesta  has  been  found 
to  be  y  grammes  less  than  that  of  the  ingesta ;  in  other  words,  that 
y  grammes  of  carbon  have  been  stored  up.  Some  carbon  has  been 
stored  up  in  the  flesh  with  the  nitrogen  just  considered ;  this  we 
must  deduct  from  y,  and  we  shall  then  have  y'  grammes  of  carbon  to 
account  for.  Now  there  are  only  two  principal  forms  in  which 
cfiurbon  can  be  stored  up  in  the  body  :  as  glycogen  or  as  fat.  The 
former  is  even  in  most  favourable  cases  inconsiderable,  and  we 
therefore  cannot  err  greatly  if  we  consider  the  retention  of  y^ 
grammes  carbon  as  indicating  the  laying  on  of  b  grammes  &t.  If 
a  +  6  are  found  equal  to  w,  then  the  whole  change  in  the  economy 
is  known ;  itw  —  la-hb)  leaves  a  residue  c,  we  inter  that  in  additiou 
to  the  laying  on  of  flesh  and  fat  some  water  has  been  retained 
in  the  s)rstem.  If  w  —  (a  +  6)  gives  a  negative  quantity,  then  water 
must  have  been  given  off  at  the  same  time  that  flesh  and  fat  were 
laid  on.  In  a  similar  way  the  nature  of  a  loss  of  weight  can  be 
ascertained,  whether  of  flesh,  or  fat,  or  of  water,  and  to  what 
extent  of  each.  The  careful  comparison,  the  debtor  and  creditor 
account  of  income  and  output,  enables  us,  with  the  cautions 
rendered  necessary  by  the  assumptions  just  now  mentioned,  to 
infer  the  nature  and  extent  of  the  bodily  changes.  The  results 
thus  gained  ought  of  course,  if  an  account  is  kept  of  the  water 
taken  in  and  given  out,  to  agree  with  the  amount  of  oxygen 
consumed,  and  also  to  tally  with  the  conclusions  arrived  at 
concerning  the  retention  or  the  reverse  of  water. 

Having  thus  studied  the  method  and  seen  its  weakness  as  well 
as  its  strength,  we  may  briefly  review  the  results  which  have  been 
obtained  by  its  means. 

§  522.  Nitrogenous  Metabolism.  When  a  meal  of  lean  meat,  as 
free  as  possible  from  fat,  is  given  to  a  dog,  which  has  previously 
been  deprived  of  food  for  some  time,  and  whose  body  therefore  is 
greatly  deficient  in  flesh,  it  might  be  expected  that  the  larger  part 
of  the  food  would  be  at  once  stored  up  to  supply  pressing 
deficiencies,  and  that  only  the  smaller  part  would  be  immediately 
worked  off  as  urea  corresponding  to  the  nitrogenous  metabolism 
going  on  in  the  body  at  the  time,  increased   somewhat  by  the 
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labour  thrown  on  the  economy  by  the  very  presence  of  the 
food.  This  however  is  not  the  case  as  far  as  the  nitrogen  of  the 
meal  is  concerned ;  the  larger  portion  passes  off  as  urea  at  once, 
and  only  a  comparatively  small  quantity  is  retained.  If  the  diet 
be  continued,  and  we  are  supposing  the  meals  given  to  be  large 
ones,  the  proportion  of  the  nitrogen  which  is  given  off  in  the  form 
of  urea  goes  on  increasing  until  at  last  a  condition  is  established 
in  which  the  nitrogen  of  the  egesta  exactly  equals  that  of  the 
ingesta.  This  condition,  which  is  spoken  of  as  "nitrogenous 
equilibrium  "  is  attained  in  dogs  with  an  exclusivelv  meat  diet 
only  when  large  quantities  of  food  are  given,  and  is  not  easily 
mamtained  for  any  length  of  time.  The  exact  quantity  of  meat 
required  to  attain  nitrogenous  equilibrium  varies  with  the  previous 
condition  of  the  dog ;  equilibrium  is  frequently  attained  when 
1500  or  1800  grms.  of  meat  are  given  daily. 

Thus  the  most  striking  etfect  of  a  purely  nitrogenous  diet  is 
largely  to  increase  the  nitrogenous  metabolism  of  the  body ;  and 
we  shall  see  later  on  that  it  increases  the  metabolism  not  only  of 
the  nitrogenous  but  also  of  the  other  constituents  of  the  body. 

The  establishment  of  nitrogenous  equilibrium  does  not  mean 
that  a  body-equilibrium  is  established,  that  the  body-weight 
neither  increases  nor  diminishes.  On  the  contrary,  when  the 
meal  necessary  to  balance  the  nitrogen  is  a  large  one,  the  body 
though  it  is  neither  gaining  nor  losing  nitrogen  may  gain  in  total 
weight ;  and  the  increase  is  proved  by  calculation  from  the  income 
and  output,  and  indeed  by  actual  examination  of  the  body,  to  be 
due  to  the  laying  on  of  fat.  The  amount  so  stored  up  may  be  far 
greater  than  can  possibly  be  accounted  for  by  any  fat  still 
adhering  to  the  meat  given  as  food.  We  are  therefore  driven 
to  the  conclusion  that  the  proteid  food  is  split  into  a  urea  moiety 
and  a  fatty  moiety,  that  the  urea  moiety  is  at  once  discharged, 
and  that  such  of  the  fatty  moiety  as  is  not  made  use  of  directly  by 
the  body  is  stored  up  as  adipose  tissue.  And  this  disruption  of 
the  proteid,  as  we  have  already  (§  487)  suggested,  explains  at 
the  same  time  why  the  meat  diet  so  largely  and  immediately 
increases  the  urea  of  the  egesta. 

This  characteristic  effect  of  proteid  food  to  increase  the 
metabolism  of  the  body  is  shewn  on  other  animals  besides  the 
dog,  and  not  only  by  means  of  calculations  of  what  is  supposed  to 
take  place  in  the  body,  but  also  by  direct  analysis.  Thus  the 
analysis  of  the  body  of  a  pig,  which  had  been  fed  on  a  known  diet, 
compared  with  the  analysis  with  that  of  another  pig  of  the  same 
litter,  killed  at  the  time  when  the  first  was  put  on  the  fixed  diet, 
gave  as  a  result  that  of  the  dry  nitrogenous  material  of  the  food 
only  about  7  p.c.  was  laid  up  as  dry  proteid  material  during  the 
fattening  period,  though  the  amount  of  proteid  food  was  low. 
This  contrasts  strongly  with  the  amount  of  fat  stored  up  during 
the  same  period  (see  §  506).     Similar  observations  carried  out  on 
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sheep  shewed  that  iu  these  animals  the  storing  up  of  nitrogenous 
material  was  even  less,  only  about  4  p.c.  of  that  given  in  the  food 

Every  quantity  of  proteid  material  taken  into  the  alimen- 
tary canal  thus  appears  to  affect  proteid  metabolism  in  two  ways. 
On  the  one  hand  it  excites  a  rapid  proteid  metabolism  giving  rise 
to  an  immediate,  and  generally  large,  increase  of  urea ;  on  the 
other  hand,  it  serves  to  maintain  the  more  regular  normal  proteid 
metabolism  continually  taking  place  in  the  body,  and  so  contributes 
to  the  normal  regular  discharge  of  urea.  It  seems  very  natural  to 
suppose  that  the  proteid  which  plays  the  first  of  these  two  parts  is 
not  really  built  up  into  the  tissues,  does  not  become  actual  living 
substance,  but  undergoes  the  changes  which  give  rise  to  urea 
outside  the  actual  living  substance  in  the  blood  or  elsewhere ;  and 
we  have  seen  that  under  the  influence  of  the  pancreatic  juice  some 
of  the  proteid  food  may  undergo  the  greater  part  of  such  a  change 
while  it  is  as  yet  within  the  alimentary  cansd.  Hence  has  arisen 
the  very  natural  distinction  to  which  we  have  already  alluded 
between  ** tissue  proteids"  or  *morphotic  proteids'*  which  are 
actually  built  up  into  the  living  substance  of  the  tissues  and  give 
rise  to  urea  through  the  metabolism  of  living  substance,  and 
"circulating  proteids"  or  "floating  proteids"  which  do  not  at  any 
period  of  their  career  within  the  body  become  an  integral  part  of 
the  living  substance  and  by  their  metabolism  set  free  energy  not 
in  the  way  of  vital  manifestations  but  in  the  form  of  heat  only. 
We  shall  later  on  consider  what  is  the  exact  meaning  which  we 
ought  to  attach  to  the  words  "becoming  part  of  the  living 
substance ;''  and  hence  shall  defer  until  then  any  discussion  of 
the  appropriateness  of  these  phrases  and  of  the  validity  of  the 
distinction  which  they  formulate. 

It  was  once  thought,  as  we  shall  presently  see  erroneously, 
that  the  exclusive  purpose  of  proteid  food  was  to  supply  the 
proteid  tissues,  and  that  all  the  energy  set  free  in  the  body  in 
vital  manifestations,  such  as  movement  and  the  like  as  distin- 
guished from  heat,  had  its  origin  in  proteid  metabolism,  the 
metabolism  of  fats  and  carbohydrates  giving  rise  to  heat  only. 
Hence  when  it  first  became  known  that  a  certain  proportion  of 
proteid  food  apparently  underwent  a  metabolism  giving  rise  to 
heat  only,  without  becoming  part  of  the  tissues,  this  seemed  to  be 
a  wasteful  expenditure  of  precious  material ;  and  the  metabolism 
of  this  portion  of  proteid  food  was  accordingly  spoken  of  as  a 
"  luxus-consumption,"  a  wasteful  consumption. 

Before  leaving  this  subject  we  may  call  attention  to  a  possible 
analogy  between  the  history  of  proteids  and  that  of  mts  and 
carbohydrates.  The  uniform  composition  of  the  blood,  which  the 
body  seems  ever  striving  to  maintain,  probably  applies  to  its 
proteids  as  well  as  to  its  other  constituenta  We  have  seen  that 
a  surplus  of  non-nitrogenous  materials  in  the  blood  is  withdrawn 
from  the  circulation  and  stored  up  as  fat  or  glycogen,  and  it 
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is  possible  that  an  excess  of  proteids  might  similarly  be  stored  up 
in  some  tissue  or  tissues,  in  the  hepatic  cells  for  instance,  though 
from  the  facts  previously  mentioned  it  is  obvious  that  the  power 
of  storage  is  far  less  than  in  the  case  of  fats  and  carbohydratea 
Such  a  store  of  proteid  matter  would  represent  a  sort  of  circulating 
proteid,  but  nevertheless  for  its  final  metabolism  might  have  to 
form  an  integral  part  of  some  living  tissue  unit. 

§  623.  The  Effects  of  Fatty  and  of  Carbohydrate  Food,  Un- 
like those  of  proteid  food,  the  eflFects  of  fats  and  carbohydrates 
cannot  be  studied  alone.  When  an  animal  is  fed  simply  on  non- 
nitrogenous  food,  death  soon  takes  place ;  the  food  rapidly  ceases 
to  be  digested,  and  starvation  ensues.  We  can  therefore  only 
study  the  nutritive  effects  of  these  substances  when  they  are  taken 
together  with  proteid  material. 

When  a  small  quantity  of  fat  is  taken,  in  company  with  a 
fixed  moderate  quantity  of  proteid  material,  the  whole  of  the 
carbon  of  the  food  reappears  in  the  egesta.  No  fat  is  stored  up ; 
some  even  of  the  previously  existing  fat  of  the  body  may  be  con- 
sumed. As  the  fat  of  the  meal  is  increased,  a  point  is  soon 
reached  at  which  carbon  is  retained  in  the'  body  as  fat.  So  also 
with  starch  or  sugar ;  when  the  quantity  of  this  is  small,  there  is 
no  retention  of  carbon ;  as  soon  however  as  it  is  increased  beyond 
a  certain  limit,  carbon  is  stored  up  in  the  form  of  fat  or,  to  a 
smaller  extent,  as  glycogen.  Fats  and  carbohydrates  therefore 
differ  markedly  from  proteid  food  in  that  they  are  not  so  distinctly 
provocative  of  metabolism.  This  is  exceedingly  well  she>vn  in  the 
results  obtained  on  the  pig  pre\'iou8ly  mentioned.  It  was  found 
that  472  units  of  fat  were  laid  on  for  every  100  units  of  fat  taken 
as  such  in  the  food  (which  consisting  of  barley-meal,  &c.  contained 
a  very  small  amount  of  actual  fat),  while  for  every  100  units  of  the 
total  dry  non-nitrogenous  food  including  fat,  starch,  cellulose,  &c., 
no  less  than  21  units  were  retained  in  the  body  in  the  form  of  fat. 
No  clearer  proof  than  this  could  be  afforded  that  fat  is  formed  in 
the  body  out  of  something  which  is  not  fat.  In  §  507  we  have 
already  discussed  this  formation  of  fat  out  of  carbohydrates. 

As  one  might  imagine,  the  presence  of  fat  or  carbohydrates  in 
the  food  is  found  to  decrea.se  the  amount  of  proteid  material 
necessary  to  establish  nitrogenous  equilibrium.  For  instance, 
with  a  diet  of  800  grms.  meat  and  150  grms.  fat,  the  nitrogen 
in  the  egesta  became  equal  to  that  in  the  ingesta  in  a  dog,  in 
whose  case  1800  grms.  meat  had  to  be  given  to  produce  the  same 
result  in  the  absence  of  fats  or  carbohydrates. 

On  the  other  hand,  it  was  found  that,  with  a  fixeil  quantity  of 
fatty  or  carbohydrate  food,  an  increase  of  the  accompanying 
proteid  led  not  to  a  storing  up  of  the  surplus  carbon  contained 
in  the  extra  quantity  of  proteid,  but  to  an  increase  in  the  con- 
sumption of  carbon.  Proteid  food  increases  not  only  proteid  but 
also  non-nitrogenous  metabolism.     This  explains  how  an  excess  of 
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proteid  food  may,  by  the  increase  of  general  metabolism,  actually 
reduce  the  fat  of  the  body. 

We  have  at  present  no  exact  information  concerning  the 
nutritive  diflferences  between  fats  and  carbohydrates,  beyond  the 
fact  that  in  the  final  combustion  of  the  two,  while  carbohydrates 
require  sufficient  oxygen  to  combine  with  their  carbon  only,  there 
being  already  sufficient  oxygen  in  the  carbohydrate  itself  to  form 
water  with  the  hydrogen  present,  fats  require  in  addition  oxygen 
to  combine  with  some  of  their  hydrogen.  Hence  in  herbivora, 
living  largely  on  carbohydrates,  a  larger  portion  of  the  oxygen 
consumed  reappears  in  the  carbonic  acid  of  the  egesta  than  in  car- 
nivora,  in  which  animals,  living  chiefly  on  proteids  and  fats,  more 
of  it  leaves  the  body  combined  with  hydrogen  to  form  wat«r. 
This  relation  of  the  oxygen  to  the  carbonic  acid  is  often  expressed 
as  the  quotient  of  the  volume  of  the  carbonic  acid  expired  divided 
by  the  volume  of  the  oxygen  consumed,  the  *  respiratory  quotient/ 

^^  ,  which  is  in  herbivora  about  "9  and   in  carnivora   about  -6 

or  '7.  When  a  herbivorous  animal  starves,  it  feeds  on  its  own 
fat,  and  under  these  circumstances  the  respiratory  quotient  falls 
to  the  carnivorous  standard;  and  indeed  many  circumstances 
aflfect  this  respiratory  quotient.  The  carbohydrates  are  notablv 
more  digestible  than  the  fats,  but  on  the  other  hand  the  fatis 
contain  more  potential  energy  in  a  given  weight.  As  to  the 
nutritive  difference  between  starch  and  sugar,  we  know  nothing 
very  definite;  it  has  been  thought  however  that  cane-sugar  is 
rather  more  fattening  than  starch. 

§  624  The  Effects  of  Gelatine  as  Food.  It  is  a  matter  of  com- 
mon experience  that  gelatine  will  not  supply  the  place  of  proteids 
as  a  constituent  of  food.  Animals  fed  on  gelatine  together  with 
fat  or  carbohydrates  die  very  much  in  the  same  way  as  when  they 
are  fed  on  non-nitrogenous  material  alone.  Nevertheless  it  would 
appear,  as  might  be  expected,  that  the  presence  of  gelatine  in  food 
is  not  without  effect.  Thus  nitrogenous  equilibrium  is  established 
at  a  lower  level  of  real  proteid  food  when  gelatine  is  added.  In  a 
dog,  moreover,  fed  on  a  diet  of  gelatine  and  fat,  the  excess  of  nitrogen 
in  the  excreta  over  that  in  the  ingesta  is  less  than  when  the  same 
dog  is  fed  on  a  diet  of  fat  alone ;  that  is  to  say,  the  gelatine  has 
sheltered  from  metabolism  some  proteid  constituents  of  the  body ; 
and  the  consumption  of  fat  seems  also  to  be  lessened  by  the  presence 
of  gelatine.  These  facts  become  intelligible  if  we  suppose  that 
gelatine  is  rapidly  split  up  into  a  urea  and  a  fat  moiety,  in  the 
same  way  that  we  have  seen  a  certain  quantity  of  proteid  material 
to  be.  It  is  this  direct  destructive  metabolism  of  proteid  matter 
which  gelatine  can  take  up ;  it  seems  however  unable  to  imitate 
the  other  function  of  proteid  matter,  and  to  take  part  in  the 
formation  of  living  substance ;  or  in  the  phraseology  of  a  preced- 
ing paragraph  (§  522),  it  can  take  the  place  of  circulating  but  not 
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of  tissue  proteid.  What  is  the  cause  of  this  diflference,  we  cannot 
at  present  say. 

§  626.  Peptone  as  Food,  Since  proteids  are  at  least  largely,  as 
we  have  seen  (§  309),  converted  into  and  absorbed  as  peptone,  and 
since  as  we  have  also  seen  the  peptone  appears  during  the  very  act 
of  absorption  to  be  reconverted  into  some  other  form  of  proteid 
matter,  possibly  serum-albumin,  it  might  seem  natural  to  suppose 
that  peptone  given  as  food  would  as  far  as  metabolism  is  concerned 
play  the  same  part  as  other  proteids.  Nevertheless,  some  observers 
have  maintained  with  regard  to  both  peptones  and  the  allied 
albumoses  that,  like  gelatine,  these  bodies  "  can  take  the  place  of 
circulating  but  not  of  tissue  proteid.'*  On  the  whole,  however,  the 
evidence  goes  to  shew  that  animals  can  *lay  on  flesh'  when  the 
proteid  in  their  food  consists  entirely  of  peptone  or  albumose.  A 
difficulty,  appertaining  to  digestion,  prevents  any  large  substitution 
of  peptone  for  ordinary  proteids,  since  as  might  be  expected  diar- 
rhcea  is  apt  to  be  set  up. 

§  626.  The  Effects  of  Salts  cw  Food.  All  food  contains,  besides 
the  substances  possessing  potential  energy,  which  we  have  just 
studied,  certain  saline  matters,  organic  and  inorganic,  having  in 
themselves  little  or  no  such  potential  energy,  but  yet  either 
absolutely  necessary  or  highly  beneficial  to  the  body.  These  must 
have  important  functions  in  directing  the  metabolism  of  the  body : 
the  striking  distribution  of  them  in  the  tissues,  the  preponderance 
of  sodium  and  chlorides  in  blood-serum  and  of  potassium  and 
phosphates  in  the  red  corpuscles  for  instance,  must  have  some 
meaning ;  but  at  present  we  are  in  the  dark  concerning  it.  The 
element  phosphorus  seems  no  less  important  from  a  biological 
point  of  view  than  carbon  or  nitrogen ;  it  is  as  absolutely 
essential  for  the  growth  of  a  lowly  being  like  Penicillin m  as  for 
man  himself  We  find  it  probably  playing  an  important  part  as 
the  conspicuous  constituent  of  lecithin  and  other  complex  fats 
belonging  to  the  nervous  system,  we  find  it  prominent  in  the 
peculiar  body  nuclein,  we  find  it  peculiarly  associated  >vith  the 
proteids;  but  we  cannot  explain  its  rdle.  The  element  sulphur, 
again,  is  only  second  to  phosphorus,  and  we  find  it  as  a  constituent 
of  nearly  all  proteids ;  but  we  cannot  foretell  the  exact  changes 
which  would  take  place  in  the  economy  if  all  the  sulphur  of  the 
food  were  withdrawn.  In  the  keratin  of  the  epidermis  and  its 
appendages,  hairs  &c.,  it  is  probably  undergoing  excretion,  though 
its  presence  in  this  body  may  have  to  do  with  the  peculiar 
physical  characters  of  corneous  epithelium. 

We  know  that  the  various  saline  matters  are  essential  to 
health,  that  when  they  are  not  present  in  proper  proportions 
nutrition  is  affected.  Dogs  fed  on  foo<l,  freed  as  much  as  possible 
from  all  saline  matters,  but  otherwise  abundant,  with  a  proper 
proportion  of  the  food  stuffs,  asoon  exhibit  symptoms  shewing  that 
the  metabolism  of  their  tissues,  especially  of  their  central  nervous 
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sjrstem,  is  going  wrong;  they  suflfer  from  weakness,  soon  amounting 
to  paral}rsis,  and  are  often  carried  off  by  convulsions.  And  more 
or  less  similar  derangements  of  nutrition  follow  the  absence  or  a 
deficiency  of  individual  salts.  During  starvation  these  various 
salts  continue  to  be  discharged  from  the  body;  in  some  way  or 
other  they  are  carried  along  in  the  metabolic  stream,  and  their 
presence   is   in   some   way   essential    to    the   various    metabolic 

frocesses;  hence  they  need  to  be  always  present  in  daily  food, 
n  what  way  it  is  that  they  thus  direct  metabolism  we  do  not 
know ;  we  are  aware  that  the  properties  and  reactions  of  various 
proteid  substances  are  closely  dependent  on  the  presence  of 
certain  salts;  but  beyond  this  we  know  very  little.  The  in- 
organic salts  are  those,  the  nutritive  value  of  which  has  been 
chiefly  studied  by  experiment ;  but  we  have  reason  to  believe  that 
the  organic  salts,  or  extractives,  which  are  present  in  greater  or 
less  quantity  in  all  food  of  both  vegetable  and  animal  origin,  are 
no  less  essential  to  the  proper  metabolic  activities  of  the  body. 
The  undoubted  connection  of  scurvy  with  the  lack  of  fresh 
vegetable  food,  other  conditions  helping,  may  perhaps  turn  in 
part  on  this,  ifor  the  evidence  that  the  disease  is  due  to  the 
deficiency  of  potash  alone  is  not  conclusive. 

Lastly,  water  has  an  effect  on  metabolism,  as  shewn,  among 
other  things,  by  the  fact  that  when  the  water  of  a  diet  is 
increased,  the  urea  is  increased  to  an  extent  beyond  that  which 
can  be  explained  by  the  increase  of  fluid  increasing  the  facilities 
of  mere  excretion. 


SEC.   2.     THE   ENERGY  OF  THE  BODY. 


The  Income  of  Energy, 

§  627.  Broadly  speaking,  the  animal  body  is  a  machine  for 
converting  potential  into  actual  energy.  The  potential  energy  is 
supplied  by  food;  this  the  metabolism  of  the  body  converts  into 
the  actual  energy  of  heat  and  mechanical  labour.  We  have  in 
the  present  section  to  study  what  is  known  of  the  laws  of  this 
conversion,  and  of  the  distribution  of  the  energy  set  free. 

Neglecting  all  subsidiary  and  unimportant  sources  of  energy, 
we  may  say  that  the  income  of  animal  energy  consists  in  the 
oxidation  of  food  into  its  waste  products,  viz.  the  oxidation  of 
proteids,  fats  and  carbohydrates  into  urea,  carbonic  acid  and  water. 
A  principle  laid  down  by  the  chemist  teaches  that  the  potential 
energy  of  any  body,  considered  in  relation  to  any  chemical  change 
which  it  may  undergo,  is  the  same  when  the  final  result  is  the 
same,  whether  that  result  be  gained  at  one  leap  or  by  a  series  of 
steps ;  that,  for  instance,  the  energy  set  free  by  the  oxidation  of 
1  grm.  of  fat  into  carbonic  acid  and  water  is  the  same,  whatever  the 
changes  forwards  or  backwards  which  the  fat  undergoes  before  it 
finally  reaches  the  stage  of  carbonic  acid  and  water ;  and  similarly, 
that  the  energy  available  for  the  body  in  1  grm.  of  dry  proteid  is 
the  energy  given  out  by  the  complete  combustion  of  that  1  grm., 
less  the  energy  given  out  by  the  complete  combustion  of  that 
quantity  of  urea  to  which  the  1  grm.  of  proteid  gives  rise  in  the 
body.  Taking  this  as  our  guide  we  can  readuy  calculate  the 
amount  of  potential  energy  contained  in  an  average  24  hours  diet, 
and  thus  obtain  the  average  daily  income  of  energy.  For  the 
potential  energy  of  most  of  the  substances  used  as  food  has  been 
determined  by  direct  calorimetric  observations ;  and  the  several 
determinations,  though  they  vary  somewhat,  agree  sufficiently 
closely  to  serve  as  data  for  the  calculations  in  question. 
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The  total  combustion  of  the  following  substances  has  given  for 
one  gramme  of  each  substance  the  foUowini^  results  expressed  in 
calories,  that  is  in  gramme-degree  units  of  heat. 

Meat,  free  from  fat,  5103,  and  5324.  Fibrin  5511.  Egg-albumin 
5579.  Thus,  taking  round  numbers  we  may  sav  that  1  grm.  of 
proteid  material  contains  5000  or  5500  calories  of  potential 
energy,  according  as  we  use  the  lower  or  higher  determinations. 

Fat  of  beef  or  mutton  9069,  9365,  9423.  Butter  7267  or  9192. 
Again  in  round  numbers  we  may  say  that  1  grm.  of  fat  contains 
aoout  9000  calories. 

Arrowroot  (nearly  pure  starch)  3912.  Starch  4123.  Cellulose 
4146.  Dextrose  3692.  Cane  Sugar  3866.  Here  again,  taking 
round  numbers,  we  shall  not  be  far  wrong  in  saying  that  the 
potential  energy  of  1  grm.  of  carbohydrate  material  is  about  4000 
caloriea 

The  combustion  of  1  grm.  of  urea  sets  free  an  amount  of  energy 
which  has  been  determined  by  one  observer  at  2206,  by  another 
as  2465  calories.  We  have  seen  (§  507)  that  1  grm.  of  proteid 
gives  rise  in  the  body  to  J  grm.  urea.  Hence,  to  obtain  the 
energy  of  1  grm.  proteid  material  available  for  the  economy,  we 
must  deduct  from  its  total  potential  energy,  one  third  the  potential 
energy  of  1  grm.  urea,  that  is,  in  round  numbers  700  or  800 
calories.  This  will  give  us  5000  -  700,  or  5500  -  800,  that  is  4300 
or  4700  calories,  according  as  we  take  the  lower  or  higher  data;  or 
we  may  take  as  a  mean  4500  calories.  The  data  then  so  far  are 
as  follows, 

1  grm.  proteid  4500  calories. 

1  grm.  fat  9000 

1  grm.  carbohydrate  4000        „ 

The  average  diet  of  an  average  man,  that  is  the  average 
amount  of  each  food  stuflf  respectively  taken  daily,  may  be  deter- 
mined experimentally  or  statistically.  Thus  a  man  may  deter- 
mine by  a  series  of  trials  the  diet  on  which,  while  neither  losing 
nor  gaining  weight  and  maintaining  'nitrogenous  equilibrium  , 
§  522,  he  enioys  good  health.  Or  an  average  may  be  struck  of 
a  large  number  of  diets  used  by  various  people.  We  shall  have 
something  to  say  of  this  latter  statistical  method  when  we  come 
to  speak  of  diet.  For  the  present  purpose  we  may  use  one 
arrived  at  experimentally  which  we  will  speak  of  as  Ranke  s  diet, 
since  it  was  determined  by  a  physiologist  of  that  name  from 
observations  on  himself  It  was  composed  of  100  grm.  proteid, 
100  grm.  fat,  240  grm.  carbohydrate.     Such  a  diet  would  give 

100  grm.  proteid  (4500)  450,000  calories 

100  grm.  fat  (9000)  900,000 

240  grm.  carbohydrate  (4000)  960,000 

2,310,000 


it 
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If  we  translate  the  units  of  heat  into  units  of  work,  the 
2,310,000  gramme-degree,  or  2,310  kilogramme- degree  calories 
will  give  us  about  980,000,  or,  in  round  numbers,  somewhere 
about  one  miUion  kilogramme-meters. 

We  may,  in  passing,  call  attention  to  the  fact  that  the 
proteids  supply  a  relatively  small  part  of  the  total  energy,  and 
that  the  share  contributed  by  the  large  mass  of  carbohydrates  is  not 
much  greater  than  that  belonging  to  the  much  smaller  quantity 
of  fat.  In  the  average  diet  obtained  by  the  statistical  method,  in 
which  the  data  are  largely  drawn  from  public  institutions,  the 
(cheaper)  carbohydrates  are  still  further  increased  at  the  expense 
of  the  (dearer)  fats,  a  change  which  may  tend  to  reduce  somewhat 
the  total  energy;  but  this  does  not  materially  affect  the  broad 
result  just  given. 


Tlie  Expenditure. 

§  628.  There  are  two  ways  only  in  which  energy  is  set  free 
from  the  body :  mechanical  labour  and  heat.  •  The  body  loses 
energy  in  producing  muscular  work,  as  in  locomotion  and  in 
other  kinds  of  labour,  in  the  movements  of  the  air  in  respiration 
and  speech,  and,  though  to  a  hardly  recognizable  extent,  in  the 
movements  of  the  air  or  contiguous  bodies  by  the  pulsations  of 
the  vascular  system.  The  body  loses  energy  m  the  form  of  heat 
by  conduction  and  radiation,  by  respiration  and  perspiration,  and 
by  the  warming  of  the  urine  and  faeces.  All  the  internal  work  of 
the  body,  all  the  mechanical  labour  of  the  internal  muscular 
mechanisms  with  their  accompanying  friction,  all  the  molecular 
labour  of  the  nervous  and  other  tissues,  is  converted  into  heat 
before  it  leaves  the  body.  The  most  intense  mental  action, 
unaccompanied  by  any  muscular  manifestations,  the  most  energetic 
action  of  the  heart  or  of  the  bowels,  with  the  slight  exceptions 
mentioned  above,  the  busiest  activity  of  the  secreting  or  metabolic 
tissues,  all  these  end  simply  in  augmenting  the  expenditure  in 
the  form  of  heat. 

A  normal  daily  expenditure  in  the  way  of  mechanical  labour 
can  be  easily  determined  by  observation.  Whether  the  work  take 
on  the  fonn  of  walking,  or  of  driving  a  miichine,  or  of  any  kind 
of  muscular  toil,  a  good  day  s  work  may  be  put  down  at  about 
150,000  kilogramme-meters. 

The  normal  daily  expenditure  in  the  way  of  heat  cannot  be  so 
readily  detenniued.  Direct  calorimetric  observations  on  the  whole 
body  are  attended  with  so  many  difficulties,  except  in  the  case  of 
small  animals,  that  their  value  is  uncertain;  and  observations 
made  by  ])lacing  a  part  only  of  the  body,  an  arm  or  leg  for 
example,  in   the   calorimeter,  and    from    the   dat-a   thus   gained 
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calculating  the   heat  produced   by  the   whole   body,  are  subject 
to  many  sources  of  error. 

The  caloriiDeters  usually  employed  in  chemical  operations,  in 
measuring  for  instance  the  heat  given  out  in  chemical  changes,  are 
unsuitable  for  experiments  on  living  animals.  Such  are  the  mercury- 
calorimeter,  in  which  the  chemical  action  to  be  studied  is  made  to  take 
place  in  the  midst  of  a  mass  of  mercury,  from  the  consequent  expansion 
of  which  through  the  heat  taken  up  the  amount  of  heat  given  out  b 
calculated,  or  the  ice-calorimeter  in  which  in  a  similar  way  the  heat 
given  out  is  calculated  from  the  amount  of  ice  melted.  The  latter  has 
been  used  for  physiological  purposes,  but  an  animal  surrounded  by  ice 
is  under  such  abnormal  conditions  that  the  results  are  of  little  value. 
The  methods  usually  adopted  by  physiologists  are  as  follows. 

In  one  method,  the  water-calorimeter,  the  animal  is  placed  in  a 
metal  chamber  surrounded  by  a  jacket  filled  with  water.  The  heat 
given  out  by  the  animal  warms  the  water  in  the  jacket,  and  the  amount 
given  out  is  calculated  upon  the  increase  of  the  temperature  of  the 
water.  By  supplying  the  animal  with  air  through  a  long  spiral  tube 
passing  through  the  water-jacket,  the  heat  given  out  in  the  expired  air 
is  prevented  from  being  lost. 

This  method  may  be  employed  in  a  simpler  form,  when  the  heat 
given  out  by  a  part  of  the  body,  the  arm  or  leg  for  instance,  is  all  that 
has  to  be  determined.  The  part  is  then  merely  placed  in  a  bath  of 
water,  from  the  changes  of  temperature  of  which  the  amount  given  out 
is  calculated.  And  this  modification  of  the  method  may  with  due 
precautions  be  employed  for  the  whole  body. 

In  Rosenthars  calorimeter  the  chamber  in  which  the  body  or  part 
of  the  body  is  placed  is  surrounded  by,  not  a  water-jacket,  but  an  air- 
jacket,  which  thus  serves  as  an  air-calorimeter.  The  instrument 
consists  essentially  of  three  concentric  copper  cylinders ;  the  inner  one 
contains  the  animal  (or  other  source  of  heat);  the  outer  one  serves 
merely  as  a  casing  to  protect  those  inside  from  clianges  of  temperature 
due  to  currents  of  air  and  the  like ;  and  the  middle  one  encloses  an  air 
space  between  itself  and  the  inner  one.  There  are  special  arrange- 
ments for  closing  the  cylinders  after  the  introduction  of  the  animal, 
and  for  supplying  the  animal  with  air  for  breathing  purposes.  With 
the  air-jacket,  or  space  between  the  inner  and  middle  cylinders,  are 
connected  a  manometer  and  a  thenuometer.  When  an  animal  (or 
other  source  of  heat)  is  placed  in  the  inner  cylinder,  the  temperature 
and  the  pressure  of  the  air  in  the  air-jacket  are  increased ;  and  from 
the  amounts  of  increase  measured  by  the  thermometer  and  the  mano- 
meter the  amount  of  heat  given  out  from  the  animal  is  calculated. 

The  calorimeters  of  D'Arsonval  and  Kubner  are  constructed  on 
very  similar  principles. 

Various  attempts  have  been  made  to  ascertain  the  amount  of 
heat  ^ven  out  by  the  body  in  an  indirect  manner,  as  for  instance 
by  calculating  the  heat  given  out  by  the  oxidation  of  the  food 
As  trustworthy  as  any  is  the  plan  of  simply  subtracting  the 
normal  daily  mechanical  expenditure  from  the  normal  daily 
income.     Thus,  150,000  k.-m.  subtracted  from  one  million  L-m. 
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rives  850,000  k.-m.  as  the  daily  expenditure  in  the  form  of  heat ; 
ue.  between  one-fifth  and  one-sixth  of  the  total  income  is  expended 
as  mechanical  labour,  the  remaining  four-fifths  or  five-sixths 
leaving  the  body  in  the  form  of  heat.  The  results  given  by 
direct  calorimetric  observations  and  by  other  calculations  give 
somewhat  higher  figures  than  these;  and  indeed  these  may 
probably  be  taken  as  under  rather  than  over  the  true  amount. 
In  any  case  they  are  to  be  regarded  as  furnishing  nothing  more 
than  a  rough  average,  the  exact  amount  varying  according  to  the 
size,  the  weight,  and  the  condition  of  the  individual,  as  well  as 
according  to  variations  in  circumstancea 

§  529.  The  Energy  of  Mechanical  Work.  We  have  already 
in  treating  of  muscle  and  elsewhere  partly  discussed  this  subject, 
but  may  here  say  the  rest  that  has  to  be  said. 

The  older  writers,  even  after  it  had  been  proved  that  the 
animal  body  was  constructive  as  far  as  the  formation  of  fat  was 
concerned,  still  held  to  the  distinction  between  nitrogenous  or 
plastic  and  non-nitrogenous  or  respiratory  food.  Put  broadly,  this 
view  was  that  all  the  nitrogenous  food  went  to  build  up  the 
proteid  tissues,  the  muscular  flesh  and  the  like,  and  that  the 
nitrogenous  egesta  arose  solely  from  the  functional  metabolism  of 
these  tissues,  while  the  non-nitrogenous  food  was  used  with  equal 
exclusiveness  for  respiratory  or  calorific  purposes,  being  either 
directly  oxidized  in  the  blood  or,  if  present  in  excess,  stored  up  as 
fatty  tissue.  According  to  this  view  the  two  classes  of  income 
corresponded  exactly  to  the  two  forms  of  expenditure.  We  have 
already  urged  several  objections  against  this  view.  We  have  seen 
that  in  the  blood  itself  very  little  oxidation  takes  place,  that  it  is 
the  active  tissue,  and  not  the  passive  blood-plasma,  which  is  the 
seat  of  oxidation.  We  have  further  seen  that  proteid  food  may 
imdoubtedly  be,  in  the  above  sense,  respiratory  and  incidentally 
give  rise  to  the  storing-up  of  fat.  One  division  of  the  view  is 
thereby  overthrown.  We  have  now  to  inquire  whether  the  other 
division  holds  good,  whether  muscle  and  the  other  proteid  tissues 
are  fed  exclusively  on  the  proteid  material  of  food,  and  whether 
muscular  energy  comes  exclusively  from  the  metabolism  of  the 
proteid  constituents  of  muscle.  We  have  already  seen  (§  63) 
that  when  the  muscle  itself  is  examined,  we  find  no  proof  of 
nitrogenous  waste,  but,  on  the  other  hand,  clear  evidence  of  the 
production  of  non-nitrogenous  bodies,  such  as  carbonic  acid.  And 
when  we  ask  the  question.  Does  muscular  exercise  proportionately 
increase  the  urea  given  oflF  by  the  body  as  a  whole  ?.  for  this, 
according  to  the  theory  in  question  it  certainly  ought  to  do,  the 
evidence  we  can  obtain,  though  somewhat  varying,  gives  on  the 
whole  a  decidedly  negative  answer. 

In  the  majority  of  observations  no  marked  change  at  all  in  the 
amount  was  met  with ;  indeed  in  some  cases  there  was  a  distinct 
decrease,  followed  by  an  increase  on  the  following  days.     Some 
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observers  however  found  a  very  marked  increase,  and  this  was 
especially  the  case  when  the  subject  under  observation  took  a 
large  amount  of  food  and  performed  very  severe  labour.  On  the 
whole  the  various  results  obtained  by  different  observers  justify 
the  conclusion  that  exercise  by  itself,  even  when  severe,  does  not 
necessarily  increase  the  amount  of  urea  excreted,  but  that  con- 
ditions may  obtain  in  which  such  an  increase  undeniably  occurs. 
We  may  draw  the  further  conclusion  that  experiments  of  this 
kind  do  not  supply  the  right  method  for  determining  the  point 
at  issue.  It  must  be  remembered  that  it  is  not  the  muscles 
alone  which  feel  the  influence  of  the  labour ;  the  circulation  and 
indeed  the  whole  body  are  affected  by  it.  If  we  suppose  a  large 
part  or  even  only  some  part  of  the  urea  to  come  from  other 
than  muscular  metabolism,  from  changes  in  the  hepatic  cells  for 
instance,  we  should  expect  that  these  changes,  and  with  them 
the  amount  of  urea  discharged  would  be  influenced  by  labour, 
especially  by  severe  labour. 

In  no  case  has  a  direct  relation  between  the  amount  of  labour 
and  amount  of  urea  been  observed.  More  than  this,  the  following 
experience  lands  us  in  an  absurdity  if  we  suppose  the  whole 
energy  of  muscular  work  to  arise  from  proteid  metabolism.  Two 
observers  performed  a  certain  amount  of  work  (an  ascent  of  a 
mountain)  on  a  non-nitrogenous  diet,  and  estimated  the  amount 
of  urea  passed  during  the  period.  Assuming  the  urea  to  represent 
the  oxidation  of  so  much  proteid  matter,  which  oxidation  repre- 
sented in  turn  iso  much  energy  set  free,  they  found  that  whereas 
the  actual  work  done  amounted  to  129'026  and  148*656  kilogram.- 
kilometcrs,  for  each  observer  respectively,  the  total  energy  avail- 
able from  proteid  metabolism  during  the  period  was  in  the  case  of 
the  first  68*69,  and  of  the  second  68*376  kilogram.-kilometer8. 
That  is  to  say,  the  energy  set  free  by  the  proteid  metabolism  of 
the  muscles  engaged  in  the  work  was  far  less  than  the  amount 
necessary  to  accomplish  the  work  actually  done,  to  say  nothing  of 
its  having  to  provide  as  well  for  the  movements  of  respiration  and 
circulation.  Their  muscular  energy  therefore  must  have  had  other 
sources  than  proteid  metabolism. 

That  on  the  contrary  the  production  of  carbonic  acid  is  at  once 
and  largely  increased  by  muscular  exercise  is  beyond  all  doubt. 
One  hour's  hard  labour  will  increase  fivefold  the  quantity  of 
carbonic  acid  given  oflF  within  the  hour.  And  in  an  experiment 
directed  to  this  point  it  wa.s  found  that  a  man  in  24  hours  con- 
sumed 954  grms.  oxygen  and  produced  1284  grms.  carbonic  acid 
when  doing  work,  as  against  708  grms.  oxygen  consumed  and 
911  grms.  carbonic  acid  produced  when  remaining  at  rest,  the 
quantity  of  urea  secreted  being  in  the  first  case  37  gnns.,  in  the 
second  37*2  mns. 

It  is  evident  that  the  conchisions  arrived  at  by  the  statistical 
method  entirely  corroborate  those  gained  by  an  examination  of 
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muscle  itself,  viz.  that  during  muscular  contraction  the  explosive 
decomposition  which  takes  place  bears  chiefly,  if  not  exclusivelv, 
on  the  non-nitrogenous  constituents  of  the  muscle,  and  that  it  is 
the  non-nitrogenous  products  which  alone  escape  from  the  muscle 
and  from  the  body,  any  nitrogenous  products  which  result  being 
retained  within  the  muscle,  or  at  least  within  the  body.  We  must 
therefore  reject  the  second  as  well  as  the  first  division  of  the  views 
under  discussion;  not  only  is  the  muscle  not  fed  exclusively  on 
proteid  material,  but  also  its  energy  does  not  arise  from  an 
exclusively  proteid  metabolism. 


Animal  Heat 

§  630.  The  Sources  and  Distribution  of  Heai.  We  have  already 
seen  that  the  conception  of  the  non-nitrogenous  portions  of  food 
being  solely  calorifacient  or  respiratory  proves  to  be  unfounded 
when  we  attempt  to  trace  the  history  of  the  food  on  its  way 
through  the  body.  The  same  view  is  still  more  strikingly  shewn 
to  be  inadequate  when  we  study  the  manner  in  which  the  heat 
of  the  body  is  produced.  We  may  indeed  at  once  affirm  that 
the  heat  of  the  body  is  generated  by  the  chemical  changes,  which 
we  may  speak  of  general!^'  as  those  of  oxidation,  undergone  not  by 
any  particular  substances,  but  by  the  tissues  at  large.  Wherever 
metabolism  is  going  on,  or  to  be  more  exact  wherever  destructive 
metabolism,  katabolism,  is  going  on,  heat  is  being  set  free.  In 
growth  and  in  repair,  in  the  deposition  of  new  material,  in  the 
transformation  of  lifeless  pabulum  into  living  tissue,  in  the  con- 
structive metabolism,  the  anabolism  of  the  body,  and  in  the  smaller 
synthetic  processes  of  which  we  spoke  in  dealing  with  urea 
(§  489),  heat  is  undoubtedly  to  a  certain  extent  being  absorbed  and 
rendered  latent :  the  energy  of  the  construction  may  be,  in  part  at 
leajBt,  supplied  by  the  heat  present.  But  all  this,  and  more  than 
this,  viz.  the  heat  present  in  a  potential  form  in  the  substances 
themselves  so  built  up  into  the  tissue,  is  lost  to  the  tissue  during 
its  destructive  metabolism ;  so  that  the  whole  metabolism,  the 
whole  cvcle  of  changes  from  the  lifeless  pabulum  through  the 
living  tissue  back  to  the  lifeless  products  of  vital  action,  is 
eminently  a  source  of  heat. 

Of  all  the  tissues  of  the  body  the  muscles,  not  only  from  their 
bulk,  forming  as  they  do  so  large  a  portion  of  the  whole  frame,  but 
also  from  the  characters  of  their  metabolism,  must  be  regarded  as 
the  chief  sources  of  heat. 

In  treating  (§  65)  of  the  thermal  changes  in  muscle  we  have 
seen  that  in  the  total  energy  expended  in  a  muscular  contraction, 
the  ratio  of  that  which  appears  as  heat  to  that  which  appears 
as  external  work  is  variable.     If  we  take  a  proportion  which  is 
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somewhat  higher  than  the  mean  of  the  range  there  given  (one 
fifth  to  one  twenty-fifth),  and  assume  that  the  energy  involved  in 
the  work  done  in  a  muscular  contraction  is  about  one-tenth  of 
the  total  energy  expended,  the  rest  going  out  as  heat,  then,  upon 
the  calculation  that  the  total  external  work  of  the  body  is  about 
one-fifth  of  the  total  energy  set  free  in  the  body,  it  is  clear  that  the 
heat  given  out  by  the  muscles,  even  if  we  consider  only  the  heat 
given  out  when  they  are  contracting,  must  form  a  very  large  part 
of  the  total  heat  given  out  by  the  body.  And  even  if,  as  recent 
researches  indicate,  the  muscular  machine  works  more  economically 
than  we  have  hitherto  supposed,  the  amount  of  heat  given  out  by 
the  skeletal  muscles  must  still  remain  very  large.  Moreover  to  the 
skeletal  muscle  we  must  add  the  heart  which,  never  resting,  does 
in  the  twenty-four  hours  as  we  have  seen,  §  138,  no  inconsiderable 
amount  of  work,  and  must  give  rise  to  no  inconsiderable  amount 
of  heat.  But  the  skeletal  muscles,  though  frequently,  are  not 
continually  contracting ;  they  have  periods,  at  times  long  periods, 
of  rest ;  and  during  these  periods  of  rest,  metabolism,  of  a  subdued 
kind  it  is  true,  but  still  a  metabolism  involving  an  expenditure 
of  energy,  is  going  on.  This  quiescent  metabolism  must  also  give 
rise  to  a  certain  amount  of  heat;  and  if  we  add  this  amount, 
which  in  the  present  state  of  our  knowledge  we  cannot  exactly 
gauge,  to  that  given  out  during  the  movements  of  the  body,  it  is 
very  clear,  even  in  the  absence  of  exact  data,  that  the  metabolism 
of  the  muscles  must  supply  a  very  large  proportion  of  the  total 
heat  of  the  body.  They  are  par  excellence  the  thermogenic 
tissues. 

Next  to  the  muscles  in  importance  come  the  various  secreting 
glands.  In  these  the  secreting  elements,  at  the  periods  of  secretion 
at  all  events,  are  in  a  state  of  metabolic  activity,  which  activity  as 
elsewhere  must  give  rise  to  heat.  In  the  case  of  the  salivaiy  gland 
of  the  dog  the  temperature  of  the  saliva  secreted  during  stimuuition 
of  the  chorda  has  been  found  to  be  as  much  as  1*  or  1'5*  higher 
than  that  of  the  blood  in  the  carotid  artery  at  the  same  time,  and 
in  all  probability  the  investigation  of  other  secreting  glands  would 
lead  to  similar  results.  Of  all  these  various  gUmds,  the  liver 
deserves  special  attention  on  account  of  its  size  and  large  supply 
of  blood,  and  because  it  appears  to  be  continually  at  work.  If 
there  be  any  truth  in  the  views  urged  in  the  preceding  chapter 
touching  the  large  and  varied  metabolic  work  of  the  liver,  we 
must  conclude  that  a  very  large  amount  of  heat  is  set  free  in  this 
organ ;  and  that  holds  good  even  if  we  make  a  large  allowance 
for  the  various  synthetic  anabolic  processes  which  may  take  place 
and  by  which  heat  would  be  absorbed  and  made  latent.  We  find 
indeed  that  the  blood  in  the  hepatic  vein  is  the  warmest  in 
the  bodv.  Thus  in  the  do^  a  temperature  of  40*73®  C.  has  been 
observed  in  the  hepatic  vein,  while  that  of  the  vena  cava  inferior 
was  38-3o*  to  39-58,  and  that  of  the  right  heart  377.     The  fact 
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that  the  blood  of  the  hepatic  vein  is  warmer  than  that  of  either 
the  portal  vein  or  the  aorta,  shews  that  the  increased  temperature 
is  not  due  simply  to  the  liver  being  far  removed  from  the  surfiswie  of 
the  body. 

The  brain  too  may  be  regarded  as  a  source  of  heat,  since  its 
temperature  is  higher  than  that  of  the  arterial  blood  with  which  it 
is  supplied;  though  from  the  smaller  quantity  of  blood  passing 
through  its  vessels  as  well  bh  from  the  changes  in  it  being  less 
massive,  it  cannot  in  this  respect  compare  with  either  the  liver  or 
the  nmscles  as  a  source  of  heat  to  the  body. 

The  blood  itself  cannot  be  regarded  as  a  source  of  any 
considerable  amount  of  heat,  since,  as  wo  have  so  frequently 
urged,  the  oxidations  or  other  metabolic  changes  taking  place 
in  it  are  comparatively  slight.  The  heat  evolved  by  the  in- 
different tissues  such  as  bone,  cartilage  and  connective  tissue, 
may  be  passed  over  as  insignificant;  and  we  cannot  even  regard 
the  adipose  tissue  as  a  seat  of  the  production  of  heat,  since  the  fat 
of  the  fat-cells  is  in  all  probability  not  oxidized  in  situ  but  simply 
carried  away  fh)m  its  place  of  storage  to  the  tissue  w^hich  stands  in 
need  of  it,  and  it  is  in  the  tissue  that  it  undergoes  the  metabolism 
bv  which  its  latent  energy  is  set  free.  Some  amount  of  heat  is 
also  produced  by  the  changes  which  the  food  undergoes  in  the 
alimentary  canal  before  it  really  enters  the  body. 

Hence,  taking  a  survey  of  the  whole  body,  we  may  conclude 
that  since  metabolism  is  going  on  to  a  greater  or  less  extent 
everywhere,  heat  is  everywhere  being  generat^nl ;  but  that,  looked 
at  from  a  quantitative  point  of  view,  the  muscles  and  the  glandu- 
lar organs  must  be  regarded  as  the  main  sources  of  the  heat  of  the 
body,  the  muscles  being  in  all  probability  the  more  important  of 
the  two. 

§  631.  But  heat,  while  being  thus  continually  produced,  is  an 
continuallv  being  lost,  by  the  skin,  the  lungs,  the  urine  and  the 
faeces.  The  blood  passing  from  one  part  of  tne  body  to  the  other, 
and  carrying  warmth  from  the  tissues  where  heat  is  being  rapidly 
generated,  to  the  tissues  or  organs  where  heat  is  being  lost  by 
radiation,  conduction  or  evaporation,  tends  to  equalize  the  tempera- 
ture of  the  various  parts,  and  thus  maintains  a  "  constant  bodily 
temperature." 

When  the  pro<hu*tion  of  heat  is  not  great  as  compared  with  the 
loss  there  is  no  great  accumulation  of  neat  within  the  body,  the 
temperature  of  which  consequently  is  but  slightly  raised  above 
that  of  surrounding  objects.  Thus  the  temperature  of  the  frog, 
for  instance,  is  rarely  more  than  '04®  to  Oy  above  that  of  the; 
atmosphere,  though  in  the  breeding  season  the  difference  may 
amount  to  1^  Such  animals,  and  they  comprise  all  classes  except 
birds  and  mammals,  are  spoken  of  as  cold-blooded;  they  have 
bei»n  also  called  poikilothermic,  that  is,  of  varied  temperature. 
Exceptions  among  them  are  not  uncommon.     Some  fish,  such  as 
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the  tunny,  are  warmer  than  the  water  in  which  they  live,  and  in 
a  species  of  Python  (P.  bivittatus)  a  difference  of  as  much  as  12* 
has  been  observed.  In  a  beehive  the  temperature  may  rise  at 
times  as  much  as  to  40^  In  the  so-called  warm-blooded  animals, 
birds  and  mammals,  the  loss  and  production  of  heat  are  so 
balanced  that  the  temperature  of  the  body  remains  constant  at, 
in  round  numbers,  35*  or  40^  whatever  be  the  temperature  of 
the  air ;  hence  these  have  been  cfiJled  homoiothermic,  of  constant 
temperature.  The  temperature  of  man  is  about  37*;  in  some 
birds  it  is  as  high  as  44*  (Hirundo)  and  in  the  wolf  it  is  said  to 
be  as  low  as  35 '24*. 

This  temperature  is  with  slight  variations  maintained  through- 
out life.  After  death  the  generation  of  heat  rapidly  diminishes, 
and  the  body  speedily  becomes  cold ;  but  for  some  short  time 
immediately  following  upon  systemic  death,  a  rise  of  temperature 
may  be  observed,  due  to  the  fact  that,  while  the  metabolism  of  the 
tissues  is  still  going  on,  the  loss  of  heat  is  somewhat  checked  by 
the  cessation  of  the  circulation.  The  onset  of  pronounced  rigor 
mortis  causes  a  marked  accession  of  heat,  and  when  occurring  after 
certain  diseases  may  give  rise  to  a  very  considerable  elevation  of 
temperature. 

This  mean  bodily  temperature  of  warm-blooded  animals  is, 
during  health,  maintained,  with  slight  variations  of  which  we  shall 
presently  speak,  within  a  very  narrow  margin,  a  rise  or  indeed  a 
fall  of  much  more  than  a  degree  above  or  below  the  limit  given 
above  being  indicative  of  some  failure  in  the  organism,  or  of  some 
imusual  influence  being  at  work.  It  is  evident,  therefore,  that  the 
mechanisms  which  co-ordinate  the  loss  with  the  production  of  heat 
must  be  exceedingly  sensitive.  It  is  obvious,  moreover,  that  these 
mechanisms  may  act  when  the  bodily  temperature  is  tending  to 
rise,  by  either  checkinc^  the  production  or  by  augmenting  the  loss 
of  heat;  conversely  when  the  bodily  temperature  is  tending  to 
fall,  they  may  act  by  either  increasing  the  production  or  by 
diminishing  the  loss  of  heat.  As  the  regulation  of  tempera- 
ture by  variations  in  the  loss  of  heat  is  better  known  than 
regulation  by  variations  in  production,  it  will  be  best  to  consider 
this  first. 

§  632.  Regulation  by  variations  in  loss.  Heat  is  lost  to  the 
body  by  the  warming  of  the  faeces  and  of  the  urine,  by  the  warming 
of  the  expired  air,  by  the  evaporation  of  the  water  of  respiration, 
by  conduction  and  radiation  from  the  skin,  and  by  the  evaporation 
of  the  water  of  perspiration.  It  has  been  calculated  that  the 
relative  amounts  of  the  loss  by  these  several  channels  are  as 
follows :  In  warming  the  faeces  and  urine  about  3,  or  according  to 
others  6  per  cent.  By  respiration  about  20,  or  according  to  others 
about  9  only  per  cent.,  leaving  77,  or  alternatively  85,  per  cent  for 
conduction  and  radiation  and  evaporation  by  the  skin. 

The  two  chief  means  of  loss  then,  which  are  at  all  susceptible 
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of  any  great  amount  of  variation,  and  which  can  be  used  to  regu- 
late tne  temperature  of  the  body,  are  the  skin  and  the  lungs. 

The  more  air  passes  in  and  out  of  the  lungs  in  a  given  time, 
the  greater  will  be  the  loss  in  warming  the  expired  air,  and  in 
evaporating  the  water  of  respiration.  In  such  animals  as  the 
dog,  which  do  not  perspire  freely  by  the  skin,  respiration  is  a  most 
important  means  of  regulating  the  temperature ;  and  in  the  dog  a 
very  close  connection  may  be  observed  between  the  production  of 
heat  and  respiratory  activity.  The  changes  which  give  rise  to  this 
loss  take  place  before  the  inspired  air  reaches  the  pulmonary 
alveoli ;  both  the  warming  and  the  evaporation  are  effected  in  the 
nasal  and  pharyngeal,  and  to  some  extent  in  the  bronchial  passages 
Some  observers  have  maintained  that  the  left  side  of  the  heart  is 
warmer  than  the  right,  and  hence  have  argued  that  chemical 
changes  leading  to  a  considerable  development  of  heat  take  place 
in  the  pulmonary  capillaries.  It  would  appear  however  that  the 
right  ventricle,  owing  to  its  l3ang  nearer  to  the  liver,  the  high 
temperature  of  whicn  has  already  been  mentioned,  is  in  reality 
rather  hotter  than  the  left.  And  indeed  we  have  no  satis&ujtory 
evidence  of  any  large  amount  of  heat  being  produced  by  any 
pulmonary  metabolism. 

The  great  regulator  however  is  undoubtedly  the  skin;  and 
this  has  a  more  or  less  double  action.  In  the  first  place  it 
regulates  the  loss  of  heat  by  means  of  the  vaso-motor  mechanism. 
The  more  blood  passes  through  the  skin  the  greater  will  be  the 
loss  of  heat  by  conduction,  radiation,  and  evaporation.  Hence, 
any  action  of  the  vaso-motor  mechanism  which,  by  causing  dilation 
of  the  cutaneous  vascular  areas,  leads  to  a  larger  flow  of  blood 
through  the  skin,  will  tend  to  cool  the  body ;  and  conversely,  any 
vaso-motor  action  which,  by  constricting  the  cutaneous  vascular 
areas,  or  by  dilating  the  splanchnic  vascular  areas,  causes  a  smaller 
flow  through  the  skin,  and  a  larger  flow  of  blood  through  the 
abdominal  viscera,  will  tend  to  heat  the  body.  In  the  second 
place,  besides  this,  the  special  nerves  of  perspiration  will  act 
directly  as  regulators  of  temperature,  increasing  the  loss  of  heat 
when  they  promote,  and  lessening  the  loss  when  they  cease  to 
promote,  the  secretion  of  the  skm.  The  working  of  this  heat- 
regulating  mechanism  is  well  seen  in  the  case  of  exercise.  Since 
every  muscular  contraction  gives  rise  to  heat,  exercise  must 
increase  for  the  time  bein^  the  production  of  heat;  yet  the 
bodily  temperature  rarely  rises  so  much  as  a  degree  centigrade, 
if  at  all.  By  exercise  the  respiration  is  quickened,  and  the  loss 
of  heat  by  the  lungs  increased.  The  circulation  of  blood  is  also 
quickened,  and  the  cutaneous  vascular  areas  becoming  dilated,  a 
larger  amount  of  blood  passes  through  the  skin.  Added  to  this, 
the  skin  perspires  freely.  Thus  a  large  amount  of  heat  is  lost  to 
the  body,  sufficient  to  neutralize  the  addition  caused  by  the 
muscular  contraction,  the  increase  which  the  more  rapid  flow  of 
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blood  through  the  abdominal  organs  might  tend  to  bring  about 
being  more  than  sufficiently  counteracted  by  their  smaller  supply 
for  the  time.  The  sense  of  warmth  which  is  felt  during  exercise 
in  con8e(]uence  of  the  flushing  of  the  skin,  is  in  itself  a  token  that 
a  regulative  cooling  is  being  carried  on.  In  a  similar  way  the 
application  of  external  cold  or  heat  defeats  its  own  ends,  either 
partially  or  completely.  Under  the  influence  of  external  cold  the 
cutaneous  vessels  are  constricted,  and  the  splanchnic  vascular 
areas  dilated,  so  that  the  blood  is  withdrawn  from  the  colder  and 
cooling  regions  to  the  hotter  and  heat-producing  organs.  This 
vascular  change  may  be  used  to  explain  the  fact  that  stripping 
naked  in  a  cold  atmosphere  often  gives  rise  to  a  distinct  increase  in 
the  mean  temperature  of  the  blood,  as  indicated  by  a  thermometer 
placed  in  the  mouth,  though  possiblv  the  effect  may  be  partly 
due  to  an  actual  increase  of  the  production  of  heat.  Under  the 
influence  of  external  warmth,  ^on  the  other  hand,  the  cutaneous 
vessels  are  dilated,  a  rapid  discharge  of  heat  takes  place ;  and  if 
the  circumstances  be  such  that  the  body  can  perspire  freely,  and 
the  perspiration  be  readily  evaporated,  the  temperature  of  the 
body  may  remain  very  near  to  the  normal,  even  in  an  excessively 
hot  atmosphere.  Thus,  more  than  a  century  ago,  two  observers 
were  able  to  remain  with  impunity  in  a  chamber  heated  even  to 
127*  (260®  Fahr.),  and  with  ease  in  one  so  hot,  that  it  became 
painful  for  them  to  touch  the  metal  buttons  of  their  clothing.  It 
IS  unnecessary  to  give  any  more  examples  of  this  regulation  of 
temperature  by  variations  in  the  loss  of  heat;  they  all  readily 
explain  themselves. 

§  633.  The  production  of  heat,  its  variations  and  regulation. 
As  we  have  already  said  the  exact  determination  of  the  amount  of 
heat  produced  in  the  living  body  is  attended  with  great  diffi- 
culties ;  still  certain  conclusions  have  been  arrived  at  based  partly 
on  direct  calorimetric  observations,  the  more  recent  ones  with  im- 
proved calorimeters  being  especially  valuable,  and  partly  on  what 
seem  to  be  trustworthy  deductions  from  observed  chemical  changes. 

The  rate  of  production  of  heat  in  a  living  body  is  determined  by 
a  variety  of  circumstances.  In  the  first  place  what  may  be  called 
the  general  rate  of  metabolism,  and  so  of  the  production  of  heat^ 
varies  in  different  kinds  of  animals.  Of  two  animals  of  the  same 
bulk  and  weight  placed  under  the  same  circumstances  one  '  lives 
faster'  than  the  other,  metabolizes  its  living  substance  more  rapidly, 
and  so  produces  heat  more  rapidly.  Thus  direct  calorimetnc 
observations,  as  far  as  they  at  present  go,  shew  that  a  man  on  the 
average  produces  more  heat,  per  kilo,  per  hour,  than  does  a  dog, 
and  a  dog  more  than  a  rabbit.  Probably  every  species  has  what 
may  be  called  its  specific  coefficient,  and  every  individual  his 
personal  coefficient  of  heat-production,  the  coefficient  being  the 
expression  of  the  inborn  qualities  proper  to  the  living  substaDce 
of  the  species  and  of  the  individual. 
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A  larger  living  body  will  naturally  produce  more  heat  than  a 
smaller  living  body  of  the  same  nature,  since  the  larger  body 
possesses  so  to  speak  a  greater  number  of  heat-producmg  units. 
But  this  is  neutralized  by  an  opposing  tendency.  The  smaller 
body^  having  relatively  to  its  bulk  a  larger  amoimt  of  surface,  loses 
beat  at  a  more  rapid  rate  than  does  the  larger  body ;  and  therefore, 
to  maintain  the  balance  between  loss  and  production,  so  as  to 
secure  the  same  constant  bodily  temperature  (and  as  we  have  just 
seen  the  bodily  temperature  of  warm-blooded  animals  is  remark- 
ably uniform),  it  must  produce  heat,  per  unit  of  its  body,  at  a  more 
rapid  rate.  As  a  rule  the  greater  loss  of  heat  owing  to  the 
relatively  greater  surface  is  so  marked  that  of  two  animab  having 
the  same  constant  bodily  temperature,  of  two  species  of  mammals, 
or  of  two  individuals  of  the  same  race,  we  should  expect  the  smaller 
one  to  produce  a  relatively  larger  amount  of  heat  And  direct 
calorimetric  observations  shew  that  this  is  so.  The  struggle  for 
existence  has  raised  what  we  have  just  called  the  sp<.»cific  or 
personal  coefficient  of  the  smaller  animal. 

From  what  we  have  seen  concerning  the  immediate  effects  of 
a  meal,  we  should  be  inclined  to  expect  that  food  would 
temporarily  increase  the  production  of  heat ;  and  not  only  is  this 
view  confirmed  by  common  experience  and  by  our  own  sensations, 
but  direct  calorimetric  observations  afford  experimental  proof 
of  its  truth.  In  the  dog  it  has  been  found  that  the  rate  of 
production  increases  after  a  meal,  reaching  its  maximum  from  the 
6th  to  the  9th  hour,  and  then  declining  to  a  level  which  may  be 
regarded  as  that  secured  by  the  general  metabolism  of  the  body, 
and  which  appears  to  be  maintained  >vith  remarkable  constancy 
until  after  long  starvation  the  economy  begins  to  break  down. 
Thus  in  some  experiments  the  production  at  the  9th  hour,  after  an 
ordinary  meal  of  meat  and  fat,  was  at  a  rate  about  20  or  25  p.c. 
greater  than  that  at  which  it  was  going  on  before  food  was  given, 
and  to  which  it  subsequently  sank  before  food  was  again  given.  It 
would  appear  that  if  sugar  be  added  to  the  meal  the  rise  becomes 
more  marked  at  an  earlier  period,  as  if  the  economy  found  sugar 
easier  to  consume  than  fat.  This  however  is  a  matter  which  as 
yet  requires  to  be  more  fully  worked  out. 

Labour,  muscular  work,  has  a  powerful  influence  in  increasing 
the  production  of  heat.  As  we  have  seen,  of  the  total  heat 
produced  in  the  body,  a  certain  portion  must  always  be  attribute<l 
to  muscular  contractions  which  even  in  the  most  quiet  body  are 
always  going  on;  in  an  ordinary  active  body  a  considerable 
quantity  of  heat  must  be  thus  generated.  Hence  the  more  active 
tne  body  the  greater  the  production  of  heat.  As  we  stated  before, 
§  87,  in  a  contraction  the  proportion  of  the  energy  set  free  to 
do  work  to  that  set  free  as  neat  appears  to  vary  under  different 
circumstances;  and  the  increase  of  neat  due  to  labour  probably 
varies  in  a  corresponding  way.    The  details  of  this  relation  have 
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yet  to  be  worked  out,  but  we  may  at  least  conclude  that,  when 
a  man  pushes  his  daily  labour  beyond  the  150,000  k.m.,  the 
additional  energy  thus  leaving  his  body  as  work  done  is  not  taken 
out  of  the  850,000  km.  given  in  §  528  as  the  average  daily  out- 
put of  heat,  but  the  total  setting  free  of  energy  and  the  total 
production  of  heat  is  at  the  same  time  increased.  And  it  need 
hardly  be  said  that  the  figures  in  question  give  only  an  average 
estimate  for  a  man  of  average  build  and  weight,  taking  an  average 
amount  of  average  food  and  doing  an  average  amount  of  work. 

§  834.     The   production   of  heat  thus  determined   by  these 
several  influences,  some  of  which  are  themselves  regulated  by  the 
nervous  system,  is  further  regulated  in  a  remarkable  manner. 
For  it  is  not  solely  by  variations  in  the  loss  of  heat  that  the 
constant  temperature  of  the  warm-blooded  animal  is  maintained 
Variations  in   the   amount   of  heat  actually  generated    in    the 
body  constitute  an  important  factor  not  only  in  the  maintenance 
of  the  normal  temperature,  but  also   in  the   production   of  the 
abnormally  high  or  low  temperatures  of  various  diseases.     Many 
considerations  have  long  led  physiologists  to  suspect  the  existence 
of  a  nervous  mechanism  by  which  afferent  impulses  arising  in  the 
skin  or  elsewhere   might   through   the   central   nervous   sjrstem 
originate  efferent  impulses  whose  effect  would  be  to  increase  or  to 
diminish   the   metabolism  of  the  muscles  or  other  organs,  and 
thus  to  increase  or  diminish  the  amount  of  heat  generated  for  the 
time  being  in  the  body.     The  existence   in  fact  of  a  metabolic 
or  thermogenic  nervous  mechanism,  comparable  in  msmy  respects 
to  the  vaso-motor  mechanism  or  to  the  various  secreting  nervous 
mechanisms,  seems   in   itself  d  priori  probable.     And  we  have 
experimental  evidence  that  such  a  mechanism  does  really  exist. 

The   warm-blooded   animal   is   distinguished   from    the   cold- 
blooded animal   by  the   fact   that  when   it  is   exposed    to  cold 
or  heat,  it  docs  not  like  the  latter  become  colder  or   hotter,  as 
the  case  may  be,  but,  within  certain  limits,  maintains  its  normal 
temperature.     If  the  maintenance  of  the  temperature  of  the  warm- 
blooded animal  during  exposure  to  cold  is  assisted  by  an  increased 
production  of  heat  and  is  not  due  simply  to  a  diminished  loss,  we 
ought  to  find  evidence  of  an  increased  metabolism  during  that 
exposure.     We  ought   to  find  under  these  circumstances  an  in- 
creased production  of  carbonic  acid,  and  an  increased  consumption 
of  oxygen,  since  it  is  to  these  products,  rather  than  to  the  nitro- 
genous factors,  on  the  peculiarities  of  which  as  uncertain  signs  of 
metabolism  we  have  already  insisted,  we  must  look  for  indications 
of  the  rise  or  fall  of  metabolic  activity.     Of  these  two,  the  produc- 
tion of  carbonic  acid  and  the  consumption  of  oxygen,  the  latter  is 
the    more   important   and   trustworthy   measure   of  metabolism, 
especially  when  observations  are  made  for  short  periods  only  at  a 
time ;  for  as  we  have  seen  in  treating  of  respiration  the  exit  of 
carbonic  acid   is  more   closely  dependent  on   the   action  of  the 
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respiratory  mechanism  than  is  the  income  of  oxygen,  and  carbonic 
acid  can  be  retained  in  loose  combination  and  so  temporarily  stored 
up  by  various  constituents  of  the  body. 

Taking  then  the  consumption  of  oxygen,  and  though  with 
less  confidence  the  production  of  carbonic  acid,  as  a  measure  of 
metabolic  activity  and  so  of  heat-production,  it  has  been  shewn 
that  a  marked  contrast  in  this  respect  exists  between  cold-blooded 
and  warm-blooded  animals  exposed  to  changes  of  temperature.  In 
the  cold-blooded  animal,  cold  diminishes  and  heat  increases  the 
metabolic  activity  of  the  body ;  ajs  the  temperature  to  which  the 
animal  Ls  subjected  rises  or  falls,  so  the  consumption  of  oxygen  and 
production  of  carbonic  acid  is  increased  or  lessened.  The  body  of 
a  cold-blooded  animal  behaves  in  this  respect  like  a  mixture  of 
dead  substances  in  a  chemist's  retort:  heat  promotes  and  cold 
retards  chemical  action  in  both  cases.  Very  different  is  the 
behaviour  of  a  warm-blooded  animal.  In  this  case,  within  a 
lower  and  a  higher  limit,  cold  increases  and  heat  diminishes 
the  bodily  metabolism,  as  shewn  by  the  increased  or  diminished 
consumption  of  oxygen  and  production  of  carbonic  acid  as  the 
temperature  falls  or  rises.  In  these  animals  there  is  obviously  a 
mecnanism  of  some  kind,  counteracting  and  indeed  overcoming 
those  more  direct  effects  which  alone  obtain  in  cold-blooded 
animals.  And  that  this  mechanism  is  of  a  nervous  nature,  is 
indicated  by  the  following  facta 

When  a  warm-blooded  animal  is  poisoned  by  urari,  the  tem- 
perature falls  and  the  metabolism,  measured  by  the  consumption 
of  oxygen  and  the  production  of  carbonic  acid,  sinks  also  ;  and  that 
the  latter  is  the  cause,  not  the  effect,  of  the  former  is  shewn  by  the 
fact  that  the  metabolism  continues  to  fall  though  loss  of  heat  be 
prevented  by  surrounding  the  animals  with  wrappings  of  cotton 
wcx)l.  In  such  a  urarized  animal,  exposure  to  higher  temperatures 
augments  and  exposure  to  lower  temperatures  diminishes  metabol- 
ism ;  the  urarized  warm-blooded  animal  in  fact  behaves  like  a  cold- 
blooded animal.  Similar  but  perhaps  not  such  striking  or  so 
constant  results  are  gained  by  division  of  the  medulla  oblongata. 
After  this  operation  the  temperature  of  the  body  sinks,  and  the 
fall,  though  partly  due  to  increased  loss  of  heat  by  the  skin,  caused 
by  the  dilated  condition  of  the  cutaneous  vessels,  is  also  accom- 
panied by  diminished  metabolism  and  is  therefore  in  part  due  to 
diminished  production  of  heat.  And  when  an  animal  is  in  this 
condition,  exposure  to  higher  temperatures  increases  and  exposure 
to  lower  temperatures  diminishes  the  bodily  metabolism.  We  can 
best  explain  these  results  by  supposing  that,  under  normal  con- 
ditions, the  muscles,  which  as  we  have  seen  contribute  so  largely 
to  the  total  heat  of  the  body,  are  placed,  by  means  of  their  motor 
nerves  and  the  central  nervous  system,  in  some  special  connection 
with  the  skin,  so  that  a  lowering  of  the  temperature  of  the  skin 
leads  to  an  increase,  while  a  heightening  of  the  temperature  of 
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the  skin  leads  to  a  decrease,  of  the  muscular  metabolism.  Further, 
the  centre  of  this  thermotaxic  reflex  mechanism  appears  to  be 
placed  somewhere  in  the  nervous  system  above  the  spinal  cord 
When  urari  is  given,  the  reflex  chain  is  broken  at  its  muscular 
end;  when  the  spinal  cord  is  divided  the  break  is  nearer  the 
centre.  Whether  we  should  conclude  that  the  working  of  this 
reflex  mechanism  is  of  such  a  kind  that  cold  to  the  skm  excites 
the  centre  to  a  heat-producing  activity,  or  of  such  a  kind  that 
warmth  to  the  skin  inhibits  a  previously  existing  automatic 
activity  of  the  centre,  may  be  left  for  the  present  undetermined 

We  may  add  that  the  muscular  metalbolism  which  thus  helps 
to  regulate  temperature  need  not  involve  visible  muscular  con- 
traction&  At  the  same  time  the  heat  given  out  by  the  muscles 
will  be  temporarily  increased  at  every  contraction  which  may  occur. 
Thus,  the  shivering  which  follows  exposure  to  cold  distinctly  helps 
to  warm  the  body ;  indeed  some  observers  have  been  led  to  think 
that,  in  man,  this  visible  effect  of  cold  plays  a  more  important 
part  in  his  heat  regulation  than  the  invisible  actions  which  we 
have  just  described.  We  may  also  add  that  the  regulative  nervous 
mechanism  may  apparently  be  overborne  by  an  exposure  to  too 
great  heat  or  cold.  When  for  instance  the  cold  to  which  the 
animal  is  exposed  becomes  excessive,  the  reaction  of  the  thermo- 
taxic nervous  system  is  powerless  against  the  direct  action  on 
the  tissues  of  the  depressing  influences,  and  the  metabolism, 
together  with  the  temperature,  sinks. 

The  results  with  urari  just  mentioned  seem  to  shew  that 
this  thermotaxic  nervous  mechanism  bears  chiefly  on  the  skeletal 
muscles.  Whether  the  glandular  organs  take  any  part  in  it,  or 
whether  they  have  a  metabolic  thermotaxic  machinery  of  their  own, 
of  such  a  kind  for  example  that  the  increase  of  heat  production 
due  to  food  is  the  result  not  so  much  of  the  immediate  consumption 
of  part  of  the  food  itself  (luxus  consumption)  as  of  the  presence  of 
food,  in  the  alimentary  canal  or  after  absorption,  stirring  up  the 
liver  to  increased  metabolism,  we  do  not  at  present  know. 

§  536.  In  a  number  of  experiments  it  has  been  shewn  that 
injuries  to,  such  as  those  caused  by  puncture  or  galvanic  cauter}', 
or  electrical  stimulation  of  limited  portions  of  tne  more  central 
portions  of  the  brain  may  give  rise  to  a  great  increase  of  the 
temperature  of  the  body  without  producing  any  other  marked 
sjrmptom.  The  increase  is  shewn,  by  the  increase  of  metabolism, 
increased  production  of  carbonic  acid  and  increased  consumption  of 
oxygen,  as  well  as  by  direct  calorimetric  observations,  to  be  due  to 
an  increased  production  of  heat.  This  naturally  suggests  that  the 
portions  of  the  brain  in  question  contain  the  hypothetical  heat 
centre  just  mentioned,  the  lesion  on  stimulation  exciting  the  centre 
to  activity  by  direct  action  on  it,  instead  of  in  the  usual  reflex 
manner.  The  matter  has  not  however  as  yet  been  cleariy  worked 
out ;  and  indeed  observers  are  not  agreed  as  to  the  exact  parts  of 
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the  brain  injury  to  which,  or  stimulation  of  which,  produces  the 
etTect.  While  some  place  it  in  the  median  and  basal  portions  of 
the  corpus  striatum,  others  maintain  that  it  is  situated  in  the 
optic  thalamus.  The  fact  however  remains  that  an  affection  of 
a  very  limited  portion  of  the  central  nervous  sjrstem  may,  without 
producing  any  other  obvious  effects,  so  increase  the  heat  production 
of  the  body  as  to  raise  the  temperature  of  the  body  several 
degrees. 

§  636.  By  regulative  mechanisms  of  the  kind  just  discussed 
the  temperature  of  the  warm-blooded  animal  is  maintained  within 
very  narrow  limits.  In  ordinary  health  the  temperature  of  man 
vanes  between  36**  and  38°,  the  narrower  limits  being  36*25®  and 
37 '5^  when  the  thermometer  is  placed  in  the  axilla.  In  the  mouth 
the  reading  of  the  thermometer  is  somewhat  (•25°  to  To")  higher; 
in  the  rectum  it  is  still  higher  (about  '9^  than  in  the  mouth.  The 
temperature  of  infants  and  children  is  slightly  higher  and  much  more 
susceptible  of  variation  than  that  of  adults,  and  after  40  years  of 
age  the  average  maximum  temperature  (of  health)  is  somewhat 
lower  than  before  that  epoch.  A  diurnal  variation,  independent  of 
food  or  other  circumstances,  has  been  observed,  the  maximum 
ranging  from  9  A.M.  to  6  P.M.  and  the  minimum  from  11  P.M.  to 
3  A.M.  Meals  cause  sometimes  a  slight  elevation,  sometimes  a 
slight  depression,  the  direction  of  the  influence  depending  on  the 
nature  of  the  food:  alcohol  seems  always  to  produce  a  fall. 
Exercise  and  variations  of  external  temperature,  within  ordinary 
limits,  cause  very  slight  change,  on  account  of  the  compensating 
influences  which  have  been  discussed  above.  The  rise  from  even 
active  exorcise  does  not  amount  to  1* ;  when  labour  is  carried 
to  exhaustion  a  depression  of  temperature  may  be  observed.  In 
travelling  from  very  cold  to  very  not  regions  a  variation  of  less 
than  a  degree  occurs,  and  the  temperature  of  inhabitants  of  the 
tropics  is  practically  the  same  as  of  those  dwelling  in  arctic  regions. 

§  537.  Many  of  the  maladies  of  the  body  are  characterized  by 
an  increase  of  the  bodily  temperature  known  as  "fever"  or 
"pyrexia,"  the  thermometer  very  frequently  rising  to  39°  or  40*, 
not  unfrequently  to  41°,  and  at  times  reaching  43°  or  even  44° ; 
but  these  higher  temperatures  cannot  long  be  borne  without  the 
organism  failing.  And  as  we  have  said,  any  increase  in  man 
of  the  bodily  temperature  beyond  38°,  or  even  beyond  37*5°, 
indicates  some  disturbance.  In  most  cases  the  rise  of  temperature 
has  a  definite  objective  cause,  some  local  inflammation  or  suppura- 
tion, or,  as  in  specific  fevers,  the  presence  in  the  economy  of  some 
"materies  morbi,"  of  the  nature  of  an  organized  germ  or  of 
some  other  nature.  We  cannot  here  discuss  the  connection 
between  the  local  inflammation  or  the  specific  poison  and  the 
high  temperature,  but  we  have  increasing  evidence  that  the 
high  temperature  of  fever  is  due,  not  merely  to  a  diminution  of 
the   loss  of  heat,  though   this  may  be  a  factor,  but  also,  and 
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indeed  chiefly,  to  an  increased  production  of  heat.  In  fever,  the 
production  of  carbonic  acid,  and  the  consumption  of  oxygen,  that 
is  to  say,  the  metabolic  changes  of  the  tissues,  are  increased 
The  urea  also  is  increased,  and  that  in  such  a  way  as  to  confirm 
the  view  already  expressed  that  much  of  the  heat  comes  from 
such  a  metabolism  of  the  skeletal  muscles  as,  unlike  an  ordinary 
contraction,  directly  involves  the  nitrogenous  elements.  The 
inordinate  metabolism  of  the  body  at  large  thus  characteristic  of 
fever  is  shewn  by  the  wasting  which  it  entails.  Calorimetric 
observations  also  shew  in  a  direct  manner  that  the  production  of 
heat  is  increased.  Of  course  mere  increased  production  alone 
would  be  insufficient  to  raise  the  temperature  of  the  body,  for  it 
might  be  met,  up  to  a  very  high  limit,  by  a  compensating  increase 
of  loss  of  heat ;  but  in  fever  this  compensation  is  wanting,  and  it 
is  perhaps  this  absence  of  due  regulation  which  is  most  character- 
istic of  the  febrile  condition. 

In  some  maladies  the  bodily  temperature  falls  distinctly  below 
the  normal  average,  reaching  for  instance  35*  or  even  lower.  In 
such  cases  there  can  be  little  doubt  that  the  condition  is  due  to 
diminished  metabolism  and  diminished  heat  production. 

One  of  the  most  marked  phenomena  of  starvation  is  the  fall  of 
temperature,  which  becomes  very  rapid  during  the  last  days  of  life. 
The  lowered  metabolism  diminishes  the  production  of  heat,  and  the 
lowered  temperature  in  turn  still  further  diminishes  the  meta- 
bolism. Indeed  the  low  temperature  is  a  powerful  factor  in  bringing 
about  death,  for  life  may  be  much  prolonged  by  wrapping  a  starving 
animal  in  some  bad  conductor  so  as  to  economise  the  bodily  heat. 

§  538.  Effects  of  Great  Heat  As  we  said  above,  the  regulative 
heat  mechanism  is  unable  to  withstand  the  strain  of  too  great  an 
external  heat  or  too  prolonged  an  exposure  to  a  great  but  less 
degree  of  heat.  The  temperature  of  the  body  then  rises  above 
the  normal ;  and  it  has  been  observed  that  the  temperature  is  more 
easily  raised  by  warmth  than  depressed  by  cold,  at  least  when 
neither  are  very  intense.  When  either  in  this  way  by  external 
wannth  or  through  pyrexia  the  temperature  of  the  body  is  raised 
some  6**  or  7®  above  the  normal,  to  45*  or  thereabouts,  death 
speedily  ensues.  The  chain  of  events  thus  leading  to  death  has 
not  been  as  yet  clearly  made  out,  and  most  likely  the  events  do  not 
take  exactly  the  same  course  in  all  cases;  but  we  shall  probably 
not  go  far  wrong  in  attributing  death  to  the  fact  that  the  high 
temperature  hurries  on  the  metabolism  of  the  several  tissues,  of 
some  more  than  others,  at  such  a  spendthrift  rate  that  their  capital 
is  soon  exhausted.  We  have  seen,  §  371,  that  too  warm  blood 
provinces  dyspnoea,  and  soon  exhausts  the  metabolic  capital  of  the 
respiratory  centre.  Too  warm  blood  similarly  hurries  on  the  beats 
of  the  heart :  an  explosion  of  the  contractile  substance  is  each  time 
prematurely  brought  on  before  a  sufficient  quantity  of  explosive 
substance  is  accumulated,  each   stroke   becomes  more  and  more 
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feeble  as  the  rate  is  quickened,  the  beats  become  irregular,  and 
finally  cease.  Either  of  these  two  events  alone  and  certainly  both 
together  are  enough  to  bring  the  working  of  the  bodily  mechanism 
to  an  end ;  but  other  tissues  beside  the  heart  and  the  respiratory 
centre  are  suflFcring  in  the  same  way,  notably  the  rest  of  the 
central  nervous  system.  This  too  is  being  hurried  on  unduly  in  its 
inner  changes,  so  that  not  only  consciousness  is  lost  and  other 
objective  manifestations  of  nervous  action  go  wrong  or  feil,  but  that 
regulative  grasp  of  the  central  nervous  system  on  the  tissues  of  the 
body  at  large  is  loosened,  and  tumult  takes  the  place  of  order. 
Whether  this  or  that  sign  of  disorder  comes  to  the  front,  whether 
for  instance  convulsions  take  place,  would  appear  to  depend  upon 
the  exact  turn  taken  by  the  abnormal  events.  In  heat-stroke, 
more  commonly  known  as  sun-stroke,  the  essential  condition  of 
which  seems  to  be  a  rapid  rise  of  the  temperature  of  the  body 
owing  to  a  sudden  failure  of  the  thermotaxic  mechanism,  the 
symptoms  vary.  Sometimes  the  heart  suddenly  gives  way,  at  other 
times  the  respiratory  centre  seems  to  be  more  directly  affected; 
sometimes  convulsions  make  their  appearance,  but  more  commonly 
death  takes  place  through  a  comatose  condition  of  the  brain,  an 
initial  phase  of  excitement  of  the  central  nervous  system  being 
not  unfrequently  witnessed. 

Mammalian  nmscle,  it  will  be  remembered,  §  84,  becomes  rigid 
at  about  50°;  but  death  probably  always  occurs  before  that  higher 
tempeniture  is  reached  by  the  blood,  so  that  a  sudden  rigor  mortis 
from  heat  (rigor  ciiloris)  cannot  be  regarded  as  a  &ctor  in  death 
from  exposure  to  too  great  heat  But  should  that  temperature 
ever  be  reached  by  the  living  body,  all  we  know  leads  us  to  infer 
that  a  sudden  rigidity  of  the  whole  b^xly  would  at  once  put  an 
abrupt  end  to  life ;  to  suppose  that  a  human  body  can  truly 
it^gister  this  or  a  higher  temperature  while  remaining  alive,  to  stxy 
nothing  of  shewing  no  tokens  of  distress,  entails  the  supposition 
that  such  a  body  can  differ  from  its  fellows  in  its  absolutely 
fundamental  qualities,  and  yet  make  no  other  sign. 

§  539.  Effects  of  Great  Cold.  The  effects  of  a  too  great 
lowering  of  the  tempeniture  of  body,  which  is  generally  the  result 
of  too  greiit  external  cold  and  rarely  if  ever  arises  from  internal 
causes  lowering  the  metabolism  and  thus  the  production  of  heat, 
ai*e  in  their  origin  the  reverse  of  those  of  a  too  high  temperature. 
The  metabolism  of  the  tissues  is  lowered ;  and  not  only  are  the 
katabolic  changes  which  leiid  to  the  setting  free  of  energy  thus 
affected,  but  the  anabolic  changes  also  share  in  the  depressioiL 
The  "living  substixnce*'  falls  to  pieces  leas  readily,  but  is  also 
made  up  less  readily;  and  could  this  slackening  of  meUibolism 
bo  carried  on  in  the  several  tissues  at  a  mte  proportionate  to 
the  rate  at  which  each  tissue  lives,  life  might  thus  be  brought 
to  a  peaceful  end  by  gradual  arrest  of  the  life  of  each  part 
of  the  whole  body.     -Aaid  indeed  in  some  cases,  where  the  lowering 
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of  the  temperature  takes  place  gradually,  something  like  this 
does  occur  even  in  warm-blooded  animals.  The  diminished  meta- 
bolism tells  first  and  chiefly  on  the  central  nervous  system, 
especially  on  the  brain  and  more  particularly  on  those  parts 
of  that  organ  which  are  concerned  in  consciousness.  The  intrinsic 
lowering  of  the  cerebral  metabolism  is  further  assisted  by  a  slowing 
of  the  Heart  beat  and  of  the  breath,  drowsiness  is  succeeded  by  a 
condition  very  like  to,  if  not  identical  with  that  known  as  sleep, 
which  we  shall  study  later  on,  but  by  a  sleep  which  insensibly  passes 
into  the  sleep  of  death.  In  some  cases,  however,  especially  those 
in  which  the  lowering  of  the  temperature  is  sudden  and  rapid, 
disorders  of  the  nervous  system  intervene,  and  convulsions  uke 
those  of  asphyxia  are  produced. 

§  640.  Hibernation.  In  the  majority  of  warm  blooded-animals, 
the  conditions  thus  induced  by  cold  are  rapidly  fetal,  and  moreover 
in  their  progress  very  soon  reach  a  stage  from  which  recover}" 
becomes  impossible.  In  the  case  of  some  few  animals,  scattered 
members  of  several  g^ups  of  mammalia,  a  similar  depression  of 
metabolism  by  cold  is  of  yearly  occurrence,  taking  place  regularly 
as  the  external  temperature  falls  in  winter,  and  oeing  thrown  off 
regularly  as  the  external  temperature  rises  in  spring.  Such 
anmials  are  spoken  of  as  hibernating  animals. 

We  are  not  able  at  present  to  explain  why  these  animals  behave 
in  this  way.  It  is  obvious  that  for  some  reason  they  lack  that 
power  of  reaction  against  external  cold  which,  as  we  have  seen,  is 
one  of  the  characteristics  of  the  warm-blooded  animal,  but  we 
cannot  state  what  is  the  diflFerence  in  their  economy  which  leads  to 
this  lack.  The  *  winter  sleep  *  is  undoubtedly  due  to  the  cold  of 
winter,  and  may  in  some  cases  at  all  events  be  induced  by  cold 
produced  artificially  in  summer ;  but  the  system  Ls  predisposed  and 
adapted  to  undergo  the  change  at  the  appointefl  season,  and  a 
dormouse  may  fall  into  winter  sleep  at  a  temperature  in  winter 
higher  than  that  at  which  it  awakes  in  spring. 

The  phenomena  of  the  hibernating  mammal  may  be  described 
as  those  due  to  a  lower  rate  of  metabolism  and  hence  to  lowered 
activity  of  the  tissues  in  general.  The  heart  beats  very  slowly, 
and  each  beat  is  at  best  of  but  moderate  strength ;  and  the  breaths 
are  few,  feeble  and  far  between.  Respiration  and  circulation  are 
thus  going  on,  but  go  on  so  to  speak  at  almost  the  slowest  possible 
rate  consistent  with  the  continuance  of  the  working  of  the  economy. 
The  breaths  are,  as  we  have  said,  few  and  far  between,  but  they 
suffice  to  carry  to  the  tissues  the  small  amount  of  oxygen  which 
these  need  and  to  carry  off"  the  small  amount  of  carbonic  acid 
which  they  produce.  So  small  is  the  respiration  of  the  tissues  that 
in  the  depths  of  the  winter  sleep  the  venous  blood  is  almost  as 
bright  as  the  arterial,  the  colour  of  which  is  nearly  normal.  And 
the  small  amount  of  destructive  katabolic  changes  which  is  going 
on  is  shewn  by  a  change  in  the  respiratory  quotient;  oxygen  is 
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taken  up  out  of  proportion  to  the  carbonic  acid  expired.  Indeed, 
it  has  been  observed  that  a  dormouse  actually  gained  in  weight 
during  a  hibernating  period ;  it  discharged  during  this  penod 
neither  urine  nor  faeces,  and  the  gain  in  weight  was  the  excess  of 
oxygen  taken  in  over  the  carbonic  acid  given  out. 

As  far  as  regards  the  other  functions  of  the  body  all  that  can  at 
present  be  said  is  that  the  several  fundamental  activities  of  the 
various  tissues,  though  lowered,  are  still  continued  very  much  as 
usual.  The  muscles  and  nervous  elements  are  irritable;  indeed 
the  hibernating  animal  may  be  awaked  though  with  difficulty  by 
adequate  stimulation;  and  as  an  instance  of  the  fundamental 
similarity  of  the  sleeping  with  the  awake  condition  we  may  say 
that  the  slowly  beating  heart  can  during  hibernation  be  still 
further  slowed  or  be  arrested  by  stimulation  of  the  vagus  nerve. 
The  essential  feature  of  hibernation  in  fact  is  that  external  cold  is 
not  resisted  by  the  thermotaxic  nervous  mechanism,  but  lowers  the 
metabolism  of  all  the  tissues,  and  thus  lowers  the  functions  of  the 
whole  body.  When  even  in  deep  winter  the  hibernating  animal 
is  exposed  to  adequate  warmth,  the  increased  temperature  awakes 
the  tissues  to  increased  metabolism,  and  the  awakened  animal 
regains  the  bodily  temperature  and  acquires  all  the  powers  which 
it  possessed  in  midsummer. 

Preparatory  to  the  oncoming  of  hibernation  the  body  lays  up 
unusually  large  stores  of  fat  for  the  winter  s  expenditure.  Many 
hibernating  animals  possess  a  'hibernating  gland*,  the  cells  of 
which  become  loaded  with  fat  in  the  autumn  and  lose  it  during 
hibemati(m ;  but  in  all  cases  the  great  store  of  fat  is  in  the 
adipose  tissue  generally.  The  liver  of  the  hibernating  animal,  at 
all  events  of  the  dormouse,  contains  a  considerable  quantity  of 
glycogen,  which  may  be  regarded  as  quite  comparable  to  the 
hepatic  glycogen  of  the  winter  frog  (§  455).  The  fat  thus  stored 
up  before  the  approach  of  winter  serves  as  the  main  supply  of 
material  for  metabolism  in  the  winter  sleep.  Since  during  the 
whole  hibernating  period  some  amount,  at  least,  of  oxygen  is 
at  the  conmiand  of  the  tissues,  we  have  no  reason  to  think  that 
the  metabolism  of  hibernation  is  fundamentally  different  fix)m  the 
metabolism  of  ordinary  life,  or  that  the  stored  up  fat  suffers  changes 
and  gives  rise  to  energy  in  other  ways  than  by  the  oxidation 
which  fat  in  an  ordinary  way  undergoes  in  the  body.  Nevertheless 
a  detailed  study  of  the  metabolism  of  hibernation  accompanied  by 
direct  calorimetric  observations  would  probably  disclose  interesting 
results. 


SEC.   3.     ON   NUTRITION   IN  GENERAL. 


§  541.  It  may  now  be  profitable  to  take  a  brief  survey  of  the 
various  conclusions  at  which  we  have  arrived  concerning  the 
problems  of  nutrition. 

We  have  seen  that  the  several  tissues,  using  lymph  as  a 
medium,  live  upon  the  blood,  taking  up  from  the  blood  the 
materials  for,  and  returning  to  the  blood  the  products  of,  their 
metabolism.  The  blood  itself  we  have  also  seen  to  be  replenished 
with  food  fix)m  the  alimentary  canal  and  with  oxygen  from  the 
lungs,  and  to  be  freed  from  waste  products  by  means  of  the  excretory 
organs.  In  this  double  action  the  raw  material  of  the  food  on  the 
one  hand  undergoes,  between  its  being  placed  in  the  mouth  and  its 
taking  part  in  the  metabolism  of  the  tissue  which  ultimately  uses 
it,  many  intermediate  changes  carried  on  in  various  parts  of  the 
body,  and  the  waste  products  similarly  undergo  intermediate 
changes  between  leaving  the  tissue  and  appearing  in  the  urine, 
the  sweat  or  the  expired  air. 

We  have  further  seen  reason  to  think  that  the  metabolic 
events  of  the  body  take  place  in  the  main  in  the  tissues,  not  in  the 
blood  stream  on  its  way  between  the  heart  and  the  tissues. 
Changes,  proper  to  the  blood  itself,  take  place  in  the  blood ;  the 
corpuscles,  red  and  white,  with  the  plasma  undergo  like  the  rest  of 
the  body,  their  proper  metabolic  cycles,  and  in  this  sense  blood 
may  be  called  a  tissue  if  there  is  any  advantage  in  using  the 
phrase ;  but,  apart  from  these  intrinsic  blood  chants,  as  far  as  we 
can  see  at  present,  the  metabolism  undergone  during  their  transit 
along  the  blood  channels,  by  the  substances  which  are  merely 
carried  in  the  blood  from  place  to  place,  is  an  insignificant  part  of 
the  total  metabolism  of  the  body. 

By  metabolism  of  a  tissue  we  understand  the  total  chemical 
changes  taking  place  in  the  tissue ;  and  we  divide  these  changes 
into  those  which  either  directly  or  indirectly  are  concerned  in  the 
building   up,   (anabolic)  and   those   which    are   in   like   manner 
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concerned  in  the  breaking  down  (katabolic)  of  the  living  substance. 
We  shall  explain  presently  what  we  mean  by  the  words,  'directly  * 
and  'indirectly'  used  in  this  connection.  And  we  may  here  repeat 
the  caution  (§  30)  that  though  for  convenience  sake  we  use  the 
phrase  *  living  substance,'  what  is  reallv  meant  by  the  words  is  not 
a  thing  or  body  of  a  particular  chemical  composition  but  matter 
undergoing  a  series  of  changes. 

§  642.  Since  the  several  tissues  originate  through  a  differ- 
entiation of  the  simpler,  primordial  protoplasm,  we  may  infer  that 
we  have  a  right  to  speak  of  a  general  plan  of  metabolism  common 
to  all  the  tissues,  modified  in  various  particulars  in  various  tissues. 
It  is  more  reasonable  for  instance  to  suppose  that  there  is  such  a 
general  plan  common  to  both  muscle  and  gland,  than  to  suppose 
that  the  metabolism  of  the  one  differs  wholly  from  or  only  acci- 
dentally resembles  that  of  the  other.  And  we  may  profitably  take 
the  nutrition  of  muscle  as  exemplifying,  in  the  midist  of  the  features 
special  to  muscle,  the  general  plan  of  vital  metabolism.  The 
muscle  in  a  normal  state  of  things  lives  ultimately  on  the  proteids, 
fats,  carbohydrates,  salts  and  water  of  the  food,  and  on  the  oxygen 
of  the  inspired  air,  but  lives  directly  on  the  blood  which  brings 
these  things  to  it.  Taking  the  proteids  first  we  may  ask  the 
( question,   How  does  the  blood  supply  the  muscle  with  proteids  ? 

The  blood  contains  three  classes  of  proteids:  (1)  serum- 
albumin,  (2)  globulin  (paraglobulin),  and  (3)  fibrinogen,  that  is  to 
say,  the  body  or  bodies  concerned  in  the  clotting  of  blood,  whose 
nature  we  left  in  §  23  as  not  wholly  and  clearly  made  out.  With 
regard  to  the  function  of  these  three  kinds  of  proteids  in  the 
nutrition  of  muscle  our  only  conclusions  at  present  are  indirect 
ones,  based  chiefly  on  the  results  of  experiments  as  to  the 
relative  value  of  these  substances  in  maintaining  or  restoring  the 
irritability  of  muscle.  It  is  found  that  when  the  washed  out 
frog's  heart  (§  162)  is  fed  with  defibrinated  blood,  the  restoration 
is  as  good  as  with  whole  blood;  and  that  while  the  effects  of 
globulin  are  uncertain,  and  while  peptone  and  albumose  appear  to 
act  in  an  injurious  manner,  the  restorative  effects  of  serum-albumin 
are  marked.  From  these  results  we  may  provisionally  infer  that 
the  muscle  in  its  (total)  anabolic  changes  takes  up  and  so  lives 
upon  the  serum-albumin  of  the  blood.  But  this  conclusion  must 
bo  regarded  as  provisional  only,  and  indeed  uncertain.  For  we 
must  remember  that  the  blood  supplies  not  only  the  food 
(including  oxygen)  for  the  muscle,  but  also  the  conditions  under 
which  the  muscle  can  live  and  avail  itself  of  the  food  offered  to  it. 
The  complex  actions  through  which  a  certain  quantity  of  proteid 
and  other  material  is  built  up  into  living  muscular  substance  need 
for  their  execution  a  favourable  medium,  need  certain  physical 
and  chemical  conditions;  and  it  may  be  that  the  favourable 
influence  of  serum-albumin  is  simply  due  to  its  presence  in  some 
way  assisting  the   transfonnation   into  living  substance  of  raw 
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material  still  remaining  in  the  muscular  fibres  and  not  to  its 
supplying  new  raw  material. 

Dextrose  is,  as  we  have  repeatedly  said,  always  present  in  the 
blood  in  small  quantity,  and  appears  to  be  the  only  carbohydrate 
constituent  of  blood-plasma.  Experiments  carried  out  on  a  large 
animal,  such  as  the  horse  or  cow,  have  shewn  that  the  venous  blood 
coming  from  a  muscle  contains  less  dextrose  than  the  arterial 
blood  going  to  the  muscle,  and  that  the  difference  is  much 
increased  by  throwing  the  muscle  into  contraction.  From  this  we 
may  provisionally  conclude  that  dextrose  is  an  essential  part 
of  the  food  of  the  muscle. 

The  blood  as  we  have  seen  also  contains  a  certain  amount 
of  fat ;  and  if  we  push  the  analogy  between  the  whole  body 
and  the  muscle  we  may  infer  that  the  muscle  takes  up  fat  as  food 
for  itself  from  the  blood.  But  we  have  no  experimental  evidence 
in  favour  of  this.  Moreover  we  have  seen  that  fat  and  carbo- 
hydrate are  in  the  animal  body  more  or  less  transferable.  We 
have  distinct  proof  that  the  body  can  transform  carbohydrate  into 
fat;  and  it  is  very  probable  that  it  can  transform  fat  into 
carbohydrate.  Seeing  how  much  more  easily  a  soluble  diffusible 
carbohydrate  like  sugar  can  be  carried  from  place  to  place  by  the 
fluids  of  the  body  than  can  immiscible  fats,  it  seems  reasonable  to 
suppose  that  when  the  body  has  to  draw  upon  its  store  of  fet 
in  the  cells  of  adipose  tissue,  the  fat  on  leaving  the  fat  cell  i» 
transformed  into  sugar,  its  carbon  so  to  speak  bemg  dealt  out  to 
the  tissues  in  the  form  of  dextrose,  indeed  we  may  perhap, 
dwelling  on  the  fact  that  a  muscle  though  itself  essentially 
of  proteid  build,  turns  over  (§  87)  in  its  daily  work  so  much  more 
carbon  than  nitrogen,  entertain  the  view  that  what  muscle  wants 
as  food  is  a  certain  amount  of  proteid  plus  an  additional  quantity 
of  carbon  in  some  form  or  other,  and  that  dextrose  is  a  convenient 
form  in  which  the  additional  carbon  can  be  supplied.  And  we 
may  hold  this  view  without  prejudice  to  any  opinion  that  the 
carbon  so  brought,  while  being  built  up  into  the  living  substance, 
may  be  again  arranged  as  fat,  and  in  the  course  of  the  metaliolisin 
of  the  muscle  may  be  later  on  separated  fit>m  the  living  substance 
and  deposited  in  the  fibre  as  globules  of  fat.  But  our  knowledge 
is  at  present  insuflScient  to  decide  whether  this  view  is  true 
or  no. 

The  various  salts  brought  to  the  muscle  by  the  plasma,  though 
they  supply  no  energy  are  as  essential  to  the  life  of  muscle  as  the 
energy-holding  proteid  or  carbon  compound ;  and  experiments 
made  with  regard  to  some  of  them,  calcic  salts  for  instance,  shew 
that  their  presence  or  absence  materially  affects  the  maintenance 
or  restoration  of  irritability.  Some  of  these  probably  play  the 
part  only  of  securing  by  their  presence  favourable  conditions  for 
the  due  metabolic  processes,  somewhat  after  the  way  in  which  the 
presence  of  calcic  phosphate  determines  the  curdling  of  milk ;  but 
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some  we  probably  ought  to  regard  as  actually  entering  into  the 
processes  themselves.  Of  these  matters  however  we  know  very 
little. 

§  643.     The  end-products  of  muscular  metabolism  are  as  we 
have  seen  carbonic  acid,  lactic  acid,  and  kreatin  or  some  other 
nitrogenous  bodies,  and  we  have  already  (§  87)  said  all  we  have  to 
say  concerning  the  formation  of  these  products.     We  may  how- 
ever  briefly  consider  here   the  question,  what  is  the  relation  of 
these  various  metabolic  processes  to  the  structural  elements  of  the 
tissue  ?    When   we   say  that   the   muscular  fibre   is   continually 
undergoing  metabolism  do  we  mean  that  every  jot  and  tittle  of  the 
fibre  is  undergoing  change  and  that  at  the  same  rate?  We  can 
hardly   suppose   this.     It  seems   unlikely,  for  instance,  that  the 
metabolism  of  the  fibrillar  substance  is  identical  with  that  of  the 
interfibrillar  substance,  whatever  be  the  view  we  take  as  to  the 
properties   or  meaning  of  the   two   substances.     Further,  if  we 
accept  the  suggestions  made  in  §  87  as  to  a  contractile  substance, 
which,  though  having  peculiar  qualities,  being  peculiarly  related 
to  and  having  peculiar  connections  with  the  rest  of  the  fibre,  may 
in  a  broad  way  be  compared  with  the  glycogen  of  a  hepatic  cell, 
we  cjin  conceive  that  this  contractile  substance  may  be  manufac- 
tured without  the  whole  of  it  at  least  having  been  at  any  time  an 
integral  part  of  what  we  may  in  a  stricter  sense  call  the  real  living 
substance  of  the   fibre.     We   should   thus   be  led  to  regard  the 
metabolic  events  occurring  in  muscle  as  falling  into  two  classes  at 
least;  those  taking  place  m  the  living  more  permanent  framework, 
and  those  bearing  on  the  formation  and  destruction  of  the  con- 
tractile substance  lodged  in  that  living  framework.     Further,  if 
we  suppose  that  the  metabolism  by  which   the   muscles  supply 
so  much  of  the  heat  of  the  body,  and  which  as  we  have   seen 
may  and   does  go   on   independently   of  contractions,   is   not   a 
metabolism  of  the  same  contractile  substance  differing  from  the 
metabolism   of  a   contraction   in   being  so   ordered   that  all  the 
tmergy  goes  out  as  heat,  none  being  employed  to  effect  a  change 
of  form,  but  is  a  metabolism  of  some  other  'thermogenic*  sub- 
stance, we  should  have  to  add  a  third  class  to  the  other  two. 
These  of  course  are  at  present  matters  of  speculation;   but  on 
the   whole   the  evidence  we  can  gather  tends  and  perhaps  in- 
creasingly tends  to  shew  that  in  muscle   there  does  exist  such 
a   framework   of  what   we   may  call  more  distinctly  living  sub- 
stance  which   rules  the   histological   features  of  the   fibre,   and 
whose  metabolism  though  high  in  quality  does  not  give  rise  to 
massive  discharges  of  energy,  and  that  the  interstices  so  to  speak 
of  this  framework  are  occupied  by  various  kinds  of  material  related 
in  different  degrees  to  the  framework  and  therefore  deserving  to 
be  spoken  of  as  more  or  less  living,  the  chief  part  of  the  energy 
set  free  by  muscle  coming  directlv  firom  the  metabolism  of  some 
or  other  of  this  material.     And  the  same  view  may  be  extended 
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to  other  tissues.  Both  the  framework  and  the  intercalated 
material  undergo  metabolism,  and  have,  in  different  degrees,  their 
anabolic  and  katabolic  changes ;  both  are  concerned  in  the  life  of 
the  living^  substance,  but  one  more  directly  than  the  other,  and 
this  is  what  was  meant  by  the  terms  'directly*  and  *  indirectly', 
used  in  §  541.  Such  a  mode  of  expression  seems  preferable  to  tne 
more  common  one,  based  on  the  analogy  of  a  firearm,  of  the  muscle 
fibre  firing  off  the  contractile  material ;  in  the  firearm  there  are 
no  such  connections  between  the  machine  and  the  charges  as 
obtain  in  the  living  mechanism.  We  may  perhaps  further  be  led 
by  this  to  distinguish  between  growth  as  bearing  on  the  frame- 
work,  and  more  temporary  nutrition  as  bearing  on  the  accumula- 
tion and  expenditure  of  the  lodged  material  We  may  add  that 
since  some  of  the  material  so  lodged  in  the  framework  will 
consist  of  substances  which  have  not  yet  undergone  metabolism, 
but  are  either  about  to  be  worked  up  into  the  framework  itself, 
or  are  about  to  be  transformed  in  a  more  direct  way  into  some 
product  of  metabolism,  or  are  substances  whose  presence  is  in  some 
way  necessary  for  the  carrying  on  of  metabolic  processes  in  which 
they  themselves  take  no  bodily  part,  we  must  recognize  a  con- 
tinuity without  any  sharp  break  between  this  material  which 
we  regard  as  part  of  the  tissue,  and  the  lymph  which  simply 
bathes  the  tissue  and  flows  through  itfi  interstices.  Hence  such 
phrases  as  *  tissue  proteid'  and  'floating  proteid*,  §  522,  are  unde- 
sirable if  they  are  understood  to  imply  a  sharp  line  of  demarcation 
between  the  "  tissue  "  and  the  blood  or  lymph,  though  useful  as 
indicating  two  different  lines  or  degrees  of  metabolism. 

§  544  The  products  of  muscular  metabolism  pass  into  the 
lymph  bathing  the  fibre  and  so,  either  by  a  direct  path  into  the 
capillaries  or  by  a  more  circuitous  course  through  the  general 
lymphatic  system,  into  the  blood.  The  fate  of  the  carbonic  acid 
we  have  fully  treated  of  in  dealing  with  respiration ;  the  little  we 
know  concerning  the  nitrogenous  product  or  products  has  been 
stated  in  dealing  with  urea ;  the  third  recognized  product  is  lactic 
acid,  sarcolactic  acid.  Did  any  considerable  amount  of  oxidation 
take  place  in  the  blood  stream  while  the  blood  is  flowing  along 
the  larger  channels,  subject  only  to  the  influence  of  the  vascular 
walls,  we  might  fairly  expect  that  the  lactic  acid  discharged  from 
the  muscles  would  be  subjected  to  oxidising  influences  while  still 
within  the  blood  stream  of  the  larger  channels.  We  have 
however  no  satisfactory  evidence  of  any  lactic  acid  being  oxidised 
in  this  way.  On  the  contrary,  there  is  a  certain  amount  of 
experimental  and  other  evidence  that  lactic  acid  present  in  the 
blood  is  somehow  or  other  disposed  of  by  the  liver;  and  that  if  the 
liver  fails  to  do  its  duty  lactic  acid  may  appear  in  the  urine. 
It  is  tempting  to  suppose  that  it  might  there  by  a  synthetic 
effort  be  converted  into  glycogen,  the  liver  thus  utilizing  some  of 
the  muscular  waste  product,   but    the   experimental   and   other 
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evidence  is  all  against  this  view.  In  fault  of  actual  knowledge  we 
are  led  to  infer  that  it  is  in  the  liver  oxidized  into  caroonic 
acid  and  water,  thus  adding  its  contribution  to  the  supply  of 
heat,  or  prepared  in  some  way  for  oxidation  elsewhere.  Pit)bably 
such  a  change  is  not  confined  to  the  liver,  but  takes  place 
in  other  organs  such  as  the  spleen.  Thus  the  kind  of  action 
on  which  we  dwelt  in  treating  of  urea,  namely  that  the  products 
of  the  metabolism  of  one  organ  are  carried  to  other  organs 
for  further  elaboration  and  possible  utilization  applies  to  the 
non-nitrogenous  as  well  as  to  the  nitrogenous  products  of 
muscular  metabolism;  and  if  a  muscle  gives  rise  to  other  non- 
nitrogenous  products  than  carbonic  ana  lactic  acid  these  are 
probably  disposed  of  in  some  such  way  as  the  lactic  acid.  In 
speaking  of  glycogen  in  the  iivinter  frog  (§  460)  we  said  that 
possibly  the  glycogen  ho  stored  up  might  arise  from  sugar 
brought  to  the  liver  from  other  tissues.  If  that  be  so,  we  should 
further  expect  that  some  at  least  of  that  sugar,  either  as  such 
or  i\s  some  allied  substance,  would  come  fnim  tne  skeletal  muscles 
which  form  so  large  a  part  of  the  body  of  the  frog;  and  if  sc^, 
wo  must  conclude  that  under  the  special  circumstances  obtaining 
in  the  winter  frog  the  muscles  discharge  into  the  bl(Mxl  a  non- 
nitrogenous  product  not  in  the  form  either  of  carbimic  or  lactic 
acid.  It  is  perhaps  however  more  probable  that  the  sugar  in 
question  comes  from  a  metabolism  of  the  fat  stored  up  m  the 
'  fatty  bodies '  and  elsewhere. 

§  646.  As  far  as  we  can  see  at  present  the  plan  of  nutrition 
thus  briefly  sketched  out  for  muscle  holds  good  for  the  other 
tissues  as  well,  the  chief  or  at  least  the  most  conspicuous  differ- 
ences bearing  on  the  nature  and  properties  of  and  the  changes 
undergone  by  the  material  formed  by  and  held  by  the  more 
distinctly  structural  framework.  Thus  the  mucin  of  the  salivar}* 
mucous  cell  finds  its  analogue  either  in  the  contractile  substance 
itself,  or  more  probably  in  some  early  nitrogenous  prinluct  of  the 
explosion  of  the  contractile  substance,  such  as  may  correspond  tt) 
the  myosin  of  rigid  muscle.  The  metabolism  of  the  hepatic  cell 
seems  as  we  have  seen  to  be  especially  characterised  by  its 
retuniing  to  the  blood  a  body,  viz.  sugar,  still  containing  a 
considerable  amount  of  energy,  available  for  use  in  other  parts 
of  the  b«Kly.  And  this  suggests  the  question  whether  in  the 
normal  metabolism  of  muscular  substance  a  similar  something, 
still  holding  a  considerable  quantity  of  energy,  some  proteid 
substance  for  instance,  may  not  be  returned  to  the  UoikI  ;  so 
that  the  metabolism  of  muscle  is  imperfectly  describi'd  in  saying 
that  the  results  are  carbonic  and  lactic  acids  and  an  antecedent 
of  urea.  If  this  be  so,  then  muscles  may  be  of  other  use  to  the 
body  at  large  than  as  mere  contractile  machines,  just  as  the  liver 
has  other  uses  than  the  pnxluction  of  bile.  And  the  same  con- 
siderations may  be  applied  to  the  other  tissues  as  well. 
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§  646.  Whether  the  chief  product  of  the  metabolism  of  any 
tissue  be  a  proteid  substance,  or  a  fat,  or  a  carbohydrate,  proteid 
substance  is  the  pivot  so  to  speak  of  the  metabolism,  and 
nitrog^enous  bodies  alway  appear  as  the  products  of  metabolism. 
This  is  strikingly  seen  in  the  nutrition  of  plants  where,  as  far  as 
mere  bulk  or  weight  is  concerned,  the  active  metabolizing  tissue  is 
insignificant  compared  with  the  mass  of  products  of  metabolism 
heaped  up  in  the  form  of  starch  or  cellulose  or  some  allied 
carbohydrate.  The  protoplasm  of  a  vegetable  cell  soon  becomes 
a  mere  film  bearing  a  heavy  burden  of  heaped  up  metabolic 
products  and  eventually  disappears ;  and  of  that  film  only  a  part 
corresponds  to  what  we  spoke  of  above  as  the  living  framework  of 
the  muscle.  Yet  that  scanty  proteid-built  framework  is  more  or 
less  directly  concerned  in  the  production  of  the  carbohydrate 
material  and  the  various  conversions  which  that  material  under- 
goes. Proteid,  nitrogen,  changes  are  entangled  with  the  carbon 
changes ;  and  since  the  products  of  metabolism  in  the  plant  are 
not  as  in  the  animal  cast  out  of  the  organism,  but  for  the  most 
part  heaped  up  within  it,  we  find  the  plant  storing  up  in  parts, 
where  if  they  serve  no  useful  purpose  they  at  least  do  not  harm, 
nitrogenous  products  of  metabolism,  such  as  those  known  as 
vegetable  alkaloids,  many  of  which  by  their  amide  nature  betray 
their  kinship  to  the  animal  nitrogenous  product  urea. 

§  647.  The  rate  at  which  in  the  adult,  leaving  aside  for  the 
present  the  special  nutrition  of  the  young,  nutrition  is  carried  on, 
and  the  characters  of  the  nutrition,  are  dependent  on  a  variety  of 
circumstances.  E^h  tissue  has  of  course  a  line  of  nutrition  of  its 
own  which  circumstances  may  fiavour  or  hinder  but  cannot  change 
in  nature ;  the  nutrition  of  the  hepatic  cell  cannot  be  altered  to 
that  of  the  muscular  fibre.  The  same  tissue  moreover  has  in 
different  races  and  different  individuals  specific  and  individual 
characters  of  nutrition ;  the  flesh  of  the  dog  is  not  the  same  as 
that  of  a  man,  the  muscle  of  one  man  lives  differently  from  that 
of  another,  the  metabolism  per  unit  of  body  weight  is  as  we  have 
seen  greater  in  the  smaller  organism,  and  so  on. 

Within  the  limits  and  subject  to  the  conditions  however 
thus  fixed  by  race  and  personality,  general  influences  produce 
general  variations  in  nutrition.  The  rate  of  nutrition  of  a  tissue 
for  instance  is  dependent  on  the  food,  on  the  amount  and  nature 
of  the  food  material  brought  to  the  tissue  by  the  blood.  We 
have  seen  that  proteid  food,  in  contrast  to  carbon  food  markedly 
increases  the  mi^tabolism  of  the  body.  Since  this  increase  tells 
not  only  on  the  nitrogenous  but  also  on  the  carbon  metabolism 
(§  528),  it  cannot  be  the  result  of  a  mere  luxus  consumption 
of  the  proteid  food  itself;  and  unless  we  suppose  that  the  presence 
of  the  excess  of  proteid  material  either  in  the  alimentary  canal, 
or  while  passing  through  the  capillaries  of  some  organ  such  as 
the  liver,  acts  as  a  stimulus  to  some  reflex  nervous  machinery 


Chap,  v.]  NUTRITION.  829 

through  whose  action  the  metabolism  of  certain  or  of  all  the 
tissues  is  hurried  on,  we  must  conclude  that  it  is  the  direct  access 
of  proteid  material  to  the  tissues  themselves  which  stirs  them 
up  to  increased  metabolic  activity.  That  proteid  food  should 
do  this,  and  not  carbohydrate  or  fat,  seems  to  be  connected  with 
the  fact  jast  dwelt  on  that  proteid  material  is  the  pivot  of 
metabolism. 

§  648.  In  the  preceding  chapters  of  this  work  we  have  had 
abundant  evidence  that  the  metabolism  of  the  tissues  is  subject  U) 
the  government  of  the  central  nervous  system ;  the  contraction  of 
a  muscle,  the  secretory  activity  of  a  gland,  the  increased  or 
diminished  production  of  heat  all  afford  instances  of  nervous 
impulses  affecting  metabolism.  In  most  of  these  instances  the 
changes  induced  fall  within  the  downward,  katabolic,  phase  and 
have  a  downward  character;  thus  when  a  muscle  contracts,  the 
result  is  a  conversion  of  more  complex  bodies  intr)  simpler  bodies; 
and  the  same  as  far  as  we  can  see  is  true  of  most  other  cases.  But 
it  is  open  for  us  to  suppose  that  nervous  impulses  might  affect  the 
upward,  anabolic,  phase  and  have  a  constructive  influence.  There 
are  no  reasons  for  regardin&r  such  an  action  as  impossible;  and 
indeed  some  phenomena,  such  as  those  of  inhibitory  nerves  and  the 
antagonism  between  these  and  augmentor  nerves,  pointedly  suggest 
some  such  view.  Thus  we  may  suppose  that  an  inhibitory  impulse 
produces  such  changes  in  the  cardiac  muscular  substance  that  the 
ui)ward  constructive  processes  are  assisted  and  the  downward 
disruptive  processes  checked,  whereby  the  setting  free  of  energy  is 
checked  and  so  the  beats  hindered  or  stopped,  the  immediate 
inhibitory  effect  being  followed  by  a  period  of  rebound  in  which 
the  savings  of  the  inhibited  period  are  spent  in  increased  action. 
Conversely  we  may  suppose  that  an  augmentor  impulse  hinders  the 
anabolic  and  assists  the  katabolic  changes,  and  conversely  also 
when  it  has  done  its  work  leaves  the  tissue  with  diminished 
capital  manifested  by  feebler  beats  or  by  the  absence  of  the  power 
to  beat.  And  similarly  in  the  case  of  the  respiratory  centre  and  of 
other  tissues.  When  we  have  to  study  the  origination  of  visual 
impulses  in  the  retina  we  shall  come  upon  a  view  that  a  wave  of 
light  may  affect  what  we  shall  call  a  visual  substance  either 
by  promoting  anabolic  constnictive  changes  or  by  increasing 
katabolic  destructive  changes  according  to  its  wave  length.  There 
is  then  evidence  to  a  certain  extent  for  the  view  on  v^'hich  we  are 
dwelling ;  but,  without  discussing  the  matter  any  further,  we  may 
say  that  the  conception  though  suggestive  has  not  yet  been 
demonstrated  and  so  far  can  only  be  spoken  of  as  probable. 

§  649.  One  value  perhaps  of  such  a  view  lies  in  the  fact  that 
it  warns  us  against  assuming  that  a  nervous  impulse  can  only 
produce  disruptive  katabolic  changes  such  as  are  seen  in  muscular 
contraction  or  in  secretion.  The  effects  of  stimulating  a  nerve 
going  to  a  nmscle  or  a  salivary  gland  are  striking  and  obvious,  and 
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the  behaviour  of  a  muscle  or  a  gland  as  far  as  contraction  and 
secretion  are  concerned  is,  within  certain  limits,  under  experimental 
control.  But  there  are  certain  phenomena,  seen  chiefly  in  the  course 
of  disease,  and  l3^ng,  to  a  very  small  extent  only,  within  the  control 
of  experiment,  which  seem  to  shew  that  the  central  nervous  system 
governs  the  metabolic  changes,  the  nutrition,  not  only  of  muscle  and 
gland,  but  of  various  other  tissues  in  a  deeper  and  more  general 
way  than  that  of  simply  promoting  (or  hindering)  contraction  or 
secretion.  Thus  as  we  have  seen  (§  83)  when  the  connection 
between  a  muscle  and  the  central  nervous  system  is  severed,  the 
muscle  eventually  wastes  and  loses  its  vitality;  when  all  the 
nerves  going  to  the  sub-maxillary  gland  are  severed,  the  gland 
instead  of  being  as  in  the  normal  condition  intermittently  active 
and  quiescent,  pours  forth  a  continuous  "  paralytic  "  secretion  and 
eventually  degenerates  and  wastea  When  in  a  rabbit  the  fifth 
nerve  is  divided  in  the  skull  the  loss  of  sensation  in  those  parts  of 
the  face  of  which  it  is  the  sensory  nerve  is  followed  by  nutritive 
changes.  Very  soon,  within  twenty-four  hours,  the  cornea  becomes 
clouc^ ;  and  this  is  the  precursor  of  an  inflammation  which  may 
involve  the  whole  eye  and  end  in  its  total  disorganization.  At 
the  same  time  the  nasal  chambers  of  the  side  operated  on  are 
inflamed,  and  very  frequently  ulcers  make  their  appearance  on  the 
lips  and  gums.  And  similar  results  have  been  seen  in  other 
animals  including  man.  If  the  operation  be  conducted  in  a  young 
animal,  which  subsequently  lives  to  maturity,  the  head  may  be- 
come bilaterally  unsymmetrical,  as  shewn  especially  by  the  skulL 
Again  division  of  both  vagus  nerves  is  very  apt  to  be  followed 
by  inflammation  of  both  lungs,  by  fatty  degeneration  of  the  heart, 
and  so  by  death. 

In  several  of  these  instances  the  effect  is  a  mixed  one  and 
the  problem  complicated.  Thus,  in  the  case  of  division  of  the 
fifth  nerve,  seeing  how  delicate  a  structure  the  eye  is,  and  how 
carefully  it  is  protected  by  the  mechanisms  of  the  eyelids  and  tears, 
it  seems  reasonable  to  suppose  that  the  inflammation  in  question 
might  simply  be  the  result  of  the  irritation  caused  by  dust  and 
contact  with  foreign  bodies,  to  which  the  eye,  no  longer  guided  and 
protected  by  sensations,  these  being  destroyed  by  the  section  of  the 
nerve,  became  subject.  In  the  same  way  the  ulcers  on  the  lips  and 
gums  might  be  explained  as  injuries  inflicted  by  the  teeth  on 
those  structures  in  their  insensitive  condition.  And  some  observere 
maintain  that  the  inflammation  of  the  eye  may  be  greatly  lessened 
or  altogether  prevented  if  the  organ  be  carefully  covered  up  and  in 
all  possible  ways  protected  fix)m  the  irritating  influences  of  foreign 
bodies.  Other  observers  however  have  failed  to  prevent  the  in- 
flammation in  spite  of  every  care.  So  also  the  inflammation  of 
the  lungs  following  upon  division  of  both  vagus  nerves  seems  to  be 
due  not  to  any  direct  nutritive  action  of  the  pulmonary  branches 
of  the  vagus  on  the  pulmonary  tissue,  but  to  food  accumulating  in 
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the  phaiynx  owing  to  the  paralysis  of  the  oesophagus  and  larynx, 
and  then  passing  into  the  air  passages  and  so  setting  up  inflamma- 
tion. Death  in  these  cases  is  moreover  often  the  simple  result  of 
inanition  caused  by  the  paralysis  of  the  oesophagus  allowing  no 
food  to  reach  the  stomach.  The  phenomena  of  the  paralytic 
secretion  of  saliva  are  also  of  a  complicated  nature. 

But  even  without  insisting  on  such  instances  as  the  above, 
various  other  phenomena  of  disease  seem  to  indicate  such  an 
influence  of  the  nervous  system  on  nutrition  as  we  are  discussing. 
As  examples  we  might  mention  the  rapid  and  peculiar  degenera- 
tion of  and  loss  of  contractility  in  the  skeletal  muscles  in  certain 
affections  of  the  spinal  cord,  the  changes  in  the  muscles  being 
more  rapid  and  profound  than  in  the  nerves;  the  phenomena 
of  bed-sores,  especially  the  so-called  acute  bed-sores  of  cerebral 
apoplexy ;  some  at  least  of  the  cases  of  vesical  affections  attendant 
on  spinal  or  cerebral  diseases  or  injuries ;  the  more  rapid  atrophy 
and  loss  of  contractility  in  muscles  which  follow  upon  contusions 
of  nerves  as  compared  with  the  effects  of  simple  section  of  nerves ; 
the  occurrence  of  certain  eruptions,  such  as  lichen,  zona,  ecthyma, 
&c.,  in  various  spinal  or  cerebral  diseases,  and  indeed  the  general 
phenomena,  and  especially  the  topography  of  the  eruption,  of  a 
large  number  of  cutaneous  diseases.  Lastly  but  not  least  we 
might  quote  the  general  process  of  inflammation.  These  arc 
examples  of  disordered  nutrition.  To  them  we  might  add  as 
instances  of  altered  but  yet  orderly  nutrition  the  remarkable 
connections  observed  between  changes  in  the  form  of  the  fin^rs 
and  growth  of  the  nails  and  hairs,  and  certain  internal  malaaies, 
such  for  instance  as  the  'clubbed  fingers'  of  pthisical  and  other 
patients,  and  the  like.  We  might  also  call  attention  to  the 
influence  of  light  on  the  nutrition  of  animals.  The  experience* 
of  blind  people  and  blind  animals  indicates  some  special  connection 
between  visual  sensations  and  the  nutrition  of  the  skin ;  and  this 
can  hanlly  be  other  than  a  nervous  connection.  The  effects  of 
prolonged  darkness  on  nutrition  in  general  and  the  experimental 
results  which  shew  that  the  toUil  metabolism  of  the  body  is 
influenced  by  light,  also  suggest  some  nervous  action.  The  in- 
fluence of  cold  again  in  determining  the  growth  of  hair  points 
in  the  Siime  direction. 

Making  every  allowance  for  the  intervention  as  factors  in  the 
production  of  the  phenomena  quoted  above  of  such  common 
actions  of  the  nervous  system  as  are  already  well  known  to  us, 
such  as  vaso-motor  changes,  making  every  allowance  for  the  con- 
sequences of  the  failure  or  bluntuess  of  sensation  and  the  absence 
of  those  beneficial  after  results  of  muscular  activity  which  we 
pointed  out  in  §  86,  recognizing  moreover  that  changes  in  one 
organ  may  affect  the  condition  of  other  distant  organs  by  changes 
induced  in  the  composition  or  qualities  of  the  blood,  there  still 
remains  a  residue  which  seems  distinctly  to  point  to  the  con- 
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elusion  that  the  influence  of  the  nervous  system  is  not  limited  to 
such  changes  of  the  muscles  as  belong  to  the  production  of  con- 
tractions or  the  generation  of  heat,  but  bears  on  the  whole 
nutrition  of  the  muscle.  Similar  considerations  lead  us  also  to 
conclude  that  the  influence  of  the  nervous  system  bears  on  the 
whole  nutrition  of  the  glands,  of  the  blood  vessels,  of  the  skin 
and  the  connective  tissues  in  general,  in  fact  of  nearly  the  whole 
body. 

Such  an  influence  of  the  nervous  system  has  often  been  spoken 
as  '  trophic ;'  and  the  term  has  often  been  used  as  if  the  growth 
and  nourishment  of  a  tissue  were  the  result  of  nervous  action,  or 
at  all  events  could  not  be  complete  without  the  intervention  of 
nervous  impulses.  Hence,  in  this  view,  the  consequences  following 
upon  section  of  the  flfth  nerve  as  regarded  as  due  to  the  falling 
away  of  *  trophic '  influences.  Such  a  view  has  however  no  sound 
basis.  All  biolo^cal  studies  teach  us  that  the  growth,  repair,  and 
reproduction  of  living  substance  may  go  on  quite  independently  of 
any  nervous  system.  The  white  blood  corpuscles  go  through 
their  cycles  unmoved  by  nervous  impulses,  and  the  nutrition  of 
the  nervous  system  itself  cannot  be  dependent  on  the  action  of 
that  system  on  itself.  All  that  is  really  needed  to  explain  these 
phenomena  is  an  acceptance  of  the  view  that  a  nervous  impulse 
may  modify  the  metabolic  events  of  other  tissues  than  muscles  and 
glands,  and  may  modify  them  in  various  ways;  and  further  that 
the  nutrition  of  each  tissue  is  in  the  complex  animal  body  so 
arranged  to  meet  the  constantly  recurring  influences  brought  to 
bear  on  it  by  the  nervous  system,  that,  when  those  influences 
are  permanently  withdrawn,  it  is  thrown  out  of  equilibrium ;  its 
molecular  processes,  so  to  speak,  then  run  loose,  since  the  bit  has 
been  removed  from  their  mouths.  And  as  our  knowledge  of 
metabolic  processes  on  the  one  hand  and  of  the  actions  of  the 
nervous  system  on  the  other  hand  increases,  these  suppositioDs 
become  more  and  more  reasonable. 


SEC.    4.    ON  DIET. 

§  660  Au  ordinary  man  living  an  ordinary  life  will  need  for 
the  maintenance  of  vigorous  health  a  certain  amount  of  food  of  a 
certain  kind ;  this  we  may  take  as  a  normal  diet. 

Presuming  that  the  experience  of  man  has  led  him  to  adopt 
what  is  good  for  him,  we  may  ascertain  approximately  the  normal 
diet  by  means  of  the  statistical  method,  by  examining  the  nature 
and  amount  of  the  daily  food  of  a  very  large  number  of  individuala 
The  most  valuable  data  for  this  purpose  are  those  gained  by 
inquiries  among  persons  who  choose  their  own  food ;  the  results 
gamed  from  the  diets  used  in  prisons  or  other  institutions,  or  among 
bodies  of  men  such  as  the  army,  though  more  readily  arrived  at, 
are  open  to  the  objection  that  the  diets  in  ({uostion  are  determined 
in  part  by  the  theoretical  opinions  of  those  whose  duty  it  is  to  fix 
the  diet.  Putting  together  the  various  statistical  results  thus 
obtained,  and  selecting  the  quantities  which  seem  to  be  most 
commonly  ust^d  rather  than  attempting  to  strike  a  strict  average 
or  take  a  strict  mean,  we  find  that  in  an  ordinary  diet  for  the 
twenty-four  hours  the  several  food-stuffs  are 

Proteids  from  100  to  130  grms. 
Fats  „       40  „     80     „ 

Carbohydrates    450  „  550     „ 

to  these  we  must  add 

Salts        30  grms. 
Water  2800     „ 

The  total  (available)  potential  energy  of  the  lower  estimate  is 
2610,  of  the  higher  3505  (kilogramme-degree)  calories,  calculated, 
in  round  numbers,  on  the  data  of  §  527.  With  such  a  statistical 
diet  we  may  compare  an  experimental  diet,  that  is  to  say  a  diet 
arrived  at  through  a  series  of  trials  on  an  individual  man  whose 
body  might  be  taken  to  be  an  average  one,  that  diet  being 
considered  a  normal  one  in  which  the  body,  maintaining  vigorous 
health,  neither  gained  nor  lost  in  weight,  and  remained  moreover 
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in  nitrogenous  equilibrium  with  the  nitrogen  of  the  egesta  equal 
to  that  of  the  ingesta.  To  make  sure  that  imder  such  a  diet  the 
body  was  remaining  of  the  same  composition  there  ought  to  be 
eviaence  of  a  carbon  equilibrium  also,  otherwise  during  the  period 
of  the  experiment  fiat  might  be  being  replaced  by  water  (see 
§  521);  but  this  is  unlikely,  and  we  may  therefore  accept  the 
method  as  a  fair  one.  It  has  given  in  the  hands  of  two  dififerent 
observers  the  following  somewhat  different  results,  the  diet  A 
being  that  already  quoted  in  §  527 : 


A                 B 

Proteids 

100  grms.  118 

Fats 

100      „       56 

Carbohydrates 

240      „     500 

Salts 

25      „      — 

Wat^r 

2600      ,.      — 

The  total  (available)  potential  energy  is  respectively  2310,  and 
3035  calories. 

On  the  whole  the  diets  gained  by  the  two  methods  agree  veiy 
largely.  To  put  down  a  single  column  of  figures  as  **the  normal 
diet"  would  be  to  affect  a  vain  and  delusive  accuracy.  If  we  desire, 
for  theoretical  purposes,  to  select  some  one  set  of  figures  rather 
than  others,  we  might  be  influenced  by  the  considerations  that 
the  lower  amount  of  proteids  in  the  experimental  diet  was  nearer 
the  mark  than  the  higher  amount  of  some  of  the  statistical  diets,  and 
further  that,  where  cost  is  not  of  moment,  the  substitution  of  &t 
for  an  excess  of  carbohydrates  is  desirable.  We  should  be  thus  led 
to  take  the  experimental  diet  A  as  on  the  whole  the  best  or  most 
*  normal '  one,  and  that  is  the  one  which  we  employed  in  the  calcula- 
tions of  §  527.  It  will  be  observed  that  the  potential  energy  of 
this  diet  is  less  than  that  of  any  of  the  others,  and,  as  we  said 
while  then  speaking  of  it,  may  be  considered  low;  but  there 
was  no  evidence  that  it  was  insufficient.  Still  it  must  be  remem- 
bered that  neither  it  nor  any  of  the  others  is  to  be  regarded 
as  distinctly  proved  to  be  the  real  normal  diet.  Against  the 
experimental  diet  we  may  urge  that  the  number  of  experiments 
have  been  few  and  conducted  on  a  few  individuals  only  at  most, 
and  that  a  larger  number  of  experiments,  with  a  variety  of 
combinations  of  different  amounts  of  the  several  food-stufife,  might 
lead  to  a  different  result ;  that  for  instance  with  certain  amoimts 
of  fats  and  carbohydrates,  the  amount  of  proteid  needed  to  main- 
tain healthy  bodily  equilibrium,  including  nitrogenous  equilibrium, 
might  be  reduced  much  below  the  100  grammes,  especially  if 
particular  kinds  of  proteids,  fat  or  carbohydrates  were  used,  and 
especial  attention  (see  §  526)  were  paid  to  the  salts.  And 
indeed  a  considerable  number  of  observations  have  been  made 
tending  to  shew  that  a  man  of  average  size  and  weight  may 
continue  in  nitrogenous  equilibrium  and  in  good  health  with  a 
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daily  ration  of  much  less  than  100  grm.  pruteid,  with  as  little 
as  40  grm.  for  example.  To  this  we  shall  have  to  refer  in  speakine 
of  a  vegetable  diet.  Against  the  statistical  diet  on  the  other  hand 
we  may  urge  that  instinct  is  not  an  unerring  guide,  and  that 
the  choice  of  a  diet  is  determined  by  many  other  circumstances 
than  the  physiological  value  of  the  food. 

§  551.  Taking  however  some  such  diet  as  the  above  to  be  the 
approximately  true  normal  diet,  we  mav  call  attention  to  the  bet 
that  the  normal  diet  is  made  up  of  each  of  the  three  great  food- 
stuffs, carbohydrates  being  in  excess.  We  may  here  remark  inci- 
dentally that  the  diets  of  both  the  camivora  and  herbivora  agree 
with  that  of  omnivora  in  containing  all  three  food-stu£b:  they 
differ  from  each  other  as  to  the  relative  proportions  only.  As  we 
have  seen,  the  body  may  be  maintained  in  equilibrium  on  proteid 
food  alone;  but  an  exclusively  proteid  diet  is  not  only  Dought 
dearly  iu  the  market,  but  also  paid  for  dearly  within  the  economy ; 
we  are  of  course  now  speaking  of  man.  To  obtain  the  necessary 
carbon  out  of  the  carbon  moiety  of  proteid  unnecessary  labour  is 
thrown  on  the  economy,  and  the  system  tends  to  become  blocked 
with  the  amides  and  other  nitrogenous  waste  arising  out  of  the 
nitrogen  moiety  simply  thrown  on  to  secure  the  carbon. 

Fats  and  carbohydrates  are  much  more  akin  to  each  other  than 
is  either  to  proteid  ;  and  if  on  the  one  hand,  as  (§  542)  seems  possible 
or  even  probable,  the  fat  of  the  food  and  of  the  body  is  converted  into 
sugar  either  on  its  way  to  become  built  up  into  the  tissue  or  in 
the  course  of  the  changes  taking  place  outside  the  real  living 
framework  of  the  tissue  by  which  it  is  reduced  to  carbonic  acid,  and 
that  on  the  other  hand  carbohydrates  can  furnish  the  fat  whose 

Eresence  in  the  body  is  necessary,  we  might  expect  that  carbo- 
ydrate  alone  without  fat  might,  with  proteid,  form  a  normal  diet 
But  on  this  point  experience  is  probably  to  be  trusted;  and  we 
may  infer  that  in  every  normal  diet  some  fiEit  at  least  must  be 
added  to  the  starches  and  the  sugars. 

The  advantage  of  this  mixture  is  probablv  felt  while  the  food 
is  as  yet  within  the  alimentary  canal.  What  we  have  learnt 
concerning  digestion  leads  us  to  regard  it  as  a  complicated  process, 
and  we  cannot  readily  imagine  that  the  proteolytic,  amylolytic  and 
adipolytic  changes  run  their  several  courses,  especially  m  the  small 
and  large  intestine,  apart  from  and  irrespective  of  each  other.  We 
are  rather  led  to  suppose  that  the  accompaniment  of  one  set 
of  changes,  in  some  indirect  manner,  favours  the  others ;  and  it 
is  for  that  reason  probably  that  we  take  our  food-stuffs  not 
separately  but  mixed  in  the  same  meal,  often  on  the  same  plate 
and  even  in  the  same  mouthful.  But  apart  fix)m  this  the  two 
food-stufis,  fats  and  carbohydrates,  must  play  different  parts  in  the 
economy,  so  that  the  one  cannot  be  wholly  substituted  for  the 
other ;  and  though,  beyond  the  fact  that  tne  one  seems  to  be  a 
source  of  energy  and  the  other  not,  we  do  not  as  yet  know  the 
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true  physiological  function  of  the  hydrogen  of  the  &t  as  compared 
with  that  of  the  diflferently  disposed  hydrogen  of  the  carbohydrate, 
we  may  perhaps  infer  that  the  difiference  of  use  within  the  body 
of  the  two  kinds  of  food-stu£&  bears  not  so  much  on  their  ultimate 
consumption  to  supply  energy  as  on  the  various  complicated 
processes  which  they  undergo  and  arrangements  in  which  they  take 
part  before  the  end  of  their  work  is  reached.  We  have  had  a  hint 
that  the  carbohydrate  more  rapidly  supplies  the  heat-giving 
metabolism  than  does  the  fat ;  and  this  suggests  an  advantage  to 
the  economy  in  receiving  daily  a  certain  portion  of  the  more 
tardy  material,  while  at  the  same  time  it  may  be  taken  to  mean 
that  the  fat  before  it  is  used  to  give  rise  to  energy  has  first  to  be 
converted  into  sugar,  and  so  takes  more  time  in  its  work. 

The  main  carbohydrate  of  every  diet  is  starch,  and  as  far  as  we 
can  learn  at  present,  the  starch  which  is  so  large  a  part  of  the 
cereals  and  vegetables  consumed  by  man  is  the  same  body  in  all  of 
them ;  for  the  use  of  such  bodies  as  inulin  is  so  insignificant  that 
it  may  be  neglected.  Man  however  consumes  no  inconsiderable 
quantity  of  sugar,  chiefly  cane  sugar.  Since  the  starch  of  a  meal 
does  not  become  available  for  the  economy  imtil  it  has  been 
converted  into  sugar,  we  might  be  inclined  to  infer  that  it  was  a 
matter  of  indiflference  whether  the  carbohydrate  of  a  diet  were 
supplied  as  starch  or  as  sugar.  But  besides  the  fSaict  that  any  large 
deficit  of  starch  in  a  diet  might  seriously  interfere  with  the 
general  course  of  digestion,  especially  if  as  urged  above  the  several 
digestive  processes  are  more  or  less  dependent  on  each  other, 
it  must  be  remembered  that  the  sugar  into  which  starch  is  changed 
by  digestion  is  maltose,  while  cane  sugar  appears  to  be  either 
absorbed  as  cane  sugar  or  at  most  only  inverted.  Moreover  if  our 
laboratory  experiments  truly  represent  the  digestion  taking  place 
in  the  living  body,  only  part  of  the  starch,  §  198,  is  changed  into 
maltose,  while  part  becomes  some  variety  of  dextrine  or  of  starch. 
Our  knowledge  of  sugars  and  of  their  fate  in  the  economy  is  too 
imperfect  for  us  to  be  able  to  state  the  effects  on  the  body  of 
digested  starch  as  compared  with  those  of  cane  sugar  or  milk  sugar ; 
but  that  these  are  or  may  be  different  is  shewn  by  the  experience 
of  medical  practice.  In  many  cases  the  total  effect  on  the  body  of 
a  diet  from  which  cane  sugar  is  as  much  as  possible  eliminated, 
though  starch  be  allowed,  is  very  different  from  that  of  one  of 
which  cane  sugar  forms  an  appreciable  part. 

Concerning  cellulose,  which  in  herbivora  appears  certainly  to 
serve  as  a  source  of  energy  and  to  be  a  real  food-stuff,  our  know- 
ledge will  not  allow  us  to  decide  whether  it  has  any  special  uses 
of  its  own,  or  whether  the  body  is  simply  led  to  utilize  and  make 
the  best  of  what  is  a  necessary  accompaniment  of  the  starch  of 
vegetable  food. 

Concerning  the  salts  present  in  a  diet  we  need  only  repeat 
what  was  said  in  §  526  that  these,  though  affording  of  themselves 
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little  or  no  energy,  are  as  essential  a  part  of  a  diet  as  the  energy 
giving  food-stum,  in  as  much  as  they  in  some  way  or  other  direct 
metabolism  and  the  distribution  of  energy.  And  this  is  true  not 
only  of  the  inorganic  salines  such  as  chlorides  and  phosphates  but 
also  of  the  so  called  extractives.  As  we  have  seen,  the  presence 
of  these  bodies,  both  the  simpler  inorganic  and  the  more  complex 
organic  salts,  in  the  blood  or  in  the  extravascular  juices  or  lymph 
of  the  tissues  is  essential  to  or  directs  or  modifies  the  metabolic 
iictivity  of  the  several  tissuea  The  beneficial  effects,  as  components 
of  special  diets,  of  such  things  as  beef-tea  and  meat-extract,  which 
consist  chiefly  of  salts  and  extractives  with  a  very  small  quantity 
of  albumose  or  other  forms  of  proteid,  and  the  effects  either 
beneficial  or  deterious  of  drugs  both  turn  in  common  upon  their 
taking  a  part  of  some  kind  or  other  in,  it  may  be  upon  their 
interference  with  metabolic  processes.  The  salts  and  extractives 
of  a  diet  may  be  looked  upon  as  necessary  daily  medicines,  and  a 
medicine  as  a  more  or  less  extraordinary  variation  in  these  elements 
of  a  diet. 

Alcohol,  to  the  use  of  which  as  a  component  of  an  ordinal^ 
<Iiet  special  interest  for  various  reasons  attaches,  comes  in  this 
(;his8.  For  though  observ'^ations  shew  that  the  greater  part  of  a 
moderate  dose  of  alcohol  is  oxidized  within  the  body  and  so  serves 
as  a  source  of  energy,  man  has  recourse  to  alcohol  not  for  the 
minute  quantity  of  energy  which  is  supplied  by  itself,  but  for 
its  powerful  influence  on  the  distribution  of  the  energy  Aimished 
by  other  things.  That  influence  is  a  very  complex  one  and  cannot 
be  fully  discussed  here.  It  is  stated  that  moderate  or  small  doses 
of  alcohol  diminish  the  consumption  of  oxygen  and  production  of 
carbonic  acid,  that  is  to  say  diminish  the  total  result  of  the  meta- 
bolism of  the  body,  while  larger  but  still  not  intoxicating  doses 
have  a  contrary  effect  and  increase  the  total  metabolism.  But 
such  a  statement  affords  no  sound  basis  for  any  conclusion  as  to 
the  general  physiological  effect  of  alcohol,  or  as  to  its  usefulness 
as  part  of  an  ordinary  diet ;  it  does  not  justify  such  a  conclusion 
for  example  bs  that  alcoholic  drinks,  taken  in  moderation,  by 
diminishing  metabolism  economize  the  resources  of  the  body. 
The  prominent  phvsiological  problem  of  dietetics  is  not  either  to 
increase  or  diminish  the  metabolism  of  the  body  but  to  direct 
that  metabolism  into  proper  channels;  and  whether  in  each 
particular  case  a  given  dose  of  alcohol  gives  a  right  or  a  wrong 
turn  to  the  phjrsiological  processes  of  the  body,  depends  on  the 
i)articular  circumstances  of  the  case.  For  the  action  of  all  these 
oodies  of  which  we  are  now  speaking,  in  contrast  with  the  actions 
of  the  food-stuffs  proper,  is  not  only  complex  but  variable;  so 
complex  and  variable  tnat  simple  experience  is  at  present  a  more 
trustworthy  guide  than  speculative  physiology.  We  may  add  that 
the  physiological  action  of  alcoholic  drinks  is  still  further  com- 
plicated by  tne  fact  that  most  such  drinks  contain  besides  ethylic 
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'alcohol,  various  other  allied  substances,  whose  action  is  even  more 
potent  than  that  of  the  ethylic  alcohol  itself,  and  whose  presence 
very  markedly  determines  the  total  effect  of  the  drink.  Such 
articles  of  diet  as  tea  and  coffee  stand  upon  very  much  the  same 
footing  as  alcohol. 

The  quantity  of  fluid  which  a  man  drinks  or  should  drink 
daily,  or  more  correctly  the  quantity  of  water  which  he  should 
daily  add  to  the  dry  solids  of  his  diet,  must  vary  widely  according 
to  circumstance.  It  will  differ  according  as  he  is  perspiring  greatly 
or  not,  according  to  the  nature  of  the  dry  solids  of  the  diet,  wnether 
lar^ly  carbohydrate  or  not,  and  so  on.  A  lower  limit,  below 
which  excretion  is  impeded,  and  a  higher  limit,  above  which 
digestion  and  metabolism  are  injuriously  affected,  probably  exist ; 
but  we  have  as  yet  no  adequate  data  which  will  enable  us  to  fix 
either  of  them. 

§  552.  In  the  selection  of  articles  of  food  to  supply  the  food- 
stuffs and  other  constituents  of  a  normal  diet,  regard  must  of 
course  be  had  in  the  first  place  to  the  amount  of  potential  energy 
present  in  the  material  The  articles  chosen  for  the  daily  £eux3 
must  contain  between  them  so  much  proteid,  fiEtt,  and  carbohydrate 
representing  so  much  available  energy.  But  it  is  no  less  important 
to  secure  that  the  energy  potential  m  the  material  should  be  really 
available  for  the  economy.  The  material  must  have  such  qualities 
that  it  is  digested  within  the  alimentary  canal,  and  further  that  its 
digestion  and  absorption  do  not  give  nse  to  trouble  either  in  the 
alimentary  canal  or  in  that  secondary  digestion  carried  on  by 
means  of  the  various  metabolic  events  which  we  have  discussed  in 
preceding  sections.  A  really  nutritious  substance  is  one  which 
not  only  contains  in  itself  an  adequate  supply  of  energy,  but  is  of 
such  a  nature  that  its  energy  can  be  appropriated  by  the  economy 
with  ease  or  at  least  with  as  little  trouble  as  possible.  We  have 
approximate  data  for  determining  how  far  an  estimate  of  the 
relative  usefulness  of  various  articles  of  food  must  be  corrected  by 
allowing  for  the  proportion  of  each  which  after  an  ordinary  meal 
merely  passes  through  the  alimentary  canal  and  the  energy  of 
which  is  not  in  any  way  available  for  the  body's  use.  Thus  a 
number  of  observations  carried  out  on  healthy  individuals  gave  in 
the  case  of  the  following  articles  of  food,  the  following  figures  as 
the  percentage,  reckoned  in  each  case  on  dry  material,  which 
could  be  recovered  from  the  faeces,  and  was  therefore  not  digested 
and  not  used  by  the  body : — Meat  5  p.c,  Eg^  5  p.c,  Milk  9  p.a, 
Bread  (white)  4  p.c,  Black  Bread  15  p.c.,  Kice  4  p.c,  Maccaroni 
4  p.c.  Maize  7  p.c,  Peas  9  p.c.  Potatoes  11  p.c  It  must  however 
be  remembered  that  the  actual  correction  to  be  made  in  any  case 
will  depend  on  the  mode  of  cooking  of  the  material,  on  the 
character  of  the  meal  of  which  it  forms  part  and  on  the  individual 
capabilities  of  the  consumer,  the  latter  too  varying  under  different 
circumstances. 
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The  above  refers  to  what  may  be  called  rough  digestibility,  but 
besides  this  there  are  other  circumstances  to  be  considered.  The 
same  food-stufif  in  two  articles  of  food,  though  actually  digested, 
that  is  to  say  taken  up  by  the  alimentary  canal,  may,  even  while 
still  within  the  alimentary  canal,  undergo  changes  in  the  one  case 
differing  from  those  in  the  other.  A  proteid  may  for  instance  in  one 
case  tend  to  be  entirely  converted  into  peptone,  or  to  break  up  into 
leucin  &c.,  or  in  other  cases  to  undergo  other  changes;  and  a 
carbohydrate  may  in  one  case  be  absorbed  as  maltose,  and  in 
another  give  rise  to  lactic  acid.  Indeed,  when  we  speak  of  the 
digestibility  or  the  indigestibility  of  this  or  that  article  of  food,  we 
do  not  in  many  eases  so  much  mean  the  relative  amount  of  the 
substance  taken  up  in  some  way  or  other  by  the  alimentary  canal, 
as  the  characters  advantageous  or  otherwise  of  the  changes  which 
it  undergoes  in  being  so  taken  up. 

Hence  the  purely  chemical  statement  of  the  amount  of  poten- 
tial energy  present  in  an  article  of  food  is  no  safe  guide  of  the 
physiological  value  of  the  substance.  A  chunk  of  cheese  stands 
very  high  on,  generally  at  the  top  of,  a  table  of  the  nutritive  value 
of  articles  of  food  drawn  up  on  exclusively  chemical  principles, 
according  to  the  units  of  energy  present  in  a  unit  of  the  material ; 
but  it  is  very  low  down  in  a  corresponding  physiological  table. 
And  similarly  a  dish  of  old  peas  has  a  very  different  physiological 
function  from  a  plate  of  fresh  meat  even  when  both  contain  the 
same  amount  of  nitrogen. 

In  thus  correcting  for  digestion  the  nutritive  value  of  a  diet  it 
must  also  be  borne  in  mind  that  the  alimentary  canal,  while 
chiefly  a  receptive  organ,  is  also  to  some  extent,  §  284,  an  excretory 
organ:  a  free  passage  through  the  canal  is  needed  not  only  for 
carrying  off  undigested  matter  but  also  for  getting  rid  of  excreted 
matter;  and  the  presence  of  the  former,  up  to  certain  limits, 
iissists  the  discharge  of  the  latter.  Were  it  possible  to  prepare  a 
diet  every  jot  and  tittle  of  which  could  be  digested  and  absorbed, 
the  use  of  such  a  diet  would  probably  bring  about  disorder  in  the 
economy,  through  the  absence  of  a  suflSciently  rapid  discharge  of 
the  matters  excreted  into  the  alimentary  canal.  Hence  cellulose 
and  like  substances  even  when  unutilized  through  absorption,  are 
not  without  their  use,  and  experience  shews  tnat  digestion  may 
be  promoted  by  eating  undigestible  things. 

§  653.  The  several  food-stu£&  of  a  diet  may  be  drawn  from 
the  animal  or  from  the  vegetable  kingdom.  Vegetable  proteids 
appear  to  undergo  the  same  changes  in  the  alimentary  canal  as  do 
animal  proteids,  and  the  main  effects  on  the  body  of  proteids  from 
the  two  sources  seem  to  be  the  same.  Our  knowledge  at  present 
however  is  too  imperfect  to  enable  us  to  decide  whether  the 
functions  of  the  two  are  exactly  the  same,  whether  the  body 
behaves  exactly  the  same  upon  a  diet  in  which  the  proteids 
are   exclusively  of  vegetable  origin,  as  upon  a  diet  in  which, 
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otherwise  the  same,  the  proteids  are  partly  of  animal  origin  also. 
Nor  have  we  much  better  knowledge  of  the  relative  nutritive  value 
of  vegetable  and  animal  fata  And  as  we  have  already  said,  we 
possess  little  or  no  exact  knowledge  as  to  the  part  played  by  those 
extractives  in  respect  to  the  amount  and  nature  of  which  animal 
food  strikingly  differs  from  vegetable  food.  In  attempting  there- 
fore a  judgment  from  a  purely  physiological  point  of  view  as  to  the 
value  of  an  exclusively  vegetarian  diet  compared  with  a  diet  of 
both  animal  and  vegetable  origin,  we  can  do  little  more  at  present 
than  inquire  whether  the  former  supplies  the  several  food-stufis  in 
adequate  quantity,  in  proper  proportion,  and  in  such  a  form  as  to 
be  economically  utilized  by  the  body. 

The  careful  examination  during  three  separate  periods  of 
several  days  each  of  the  ingesta  and  egesta  of  a  man,  28  years  old, 
weighing  57  kilos,  who  had  for  three  years  lived  on  an  exclusively 
vegetable  diet,  viz.  bread,  fruit  and  oil,  gave  the  following  results. 

The  daily  diet  consisted  on  the  average  of  719  grm.  solid 
matter  and  1084  grm,  water.     It  contained 

Proteids     64  grm.  containing  8*4  N. 
Fats         ^  22  „ 
Carbohydrates  557  „  (about  ^  sugar  and  ^  starch) 
(Cellulose)      16  „ 

The  daily  faeces  weighed,  when  fresh,  333  grm.  containing  75  gnn. 
solid  matter,  and  were  therefore  both  bulky  and  watery.  There  were 
present  in  the  faeces  fat  7  grm.,  starch  17  grm.  and  cellulose  9  grm. 
shewing  that  30  p.c.  of  the  fat,  6  p.a  of  the  starch  and  56  p.c.  of  the 
cellulose  had  not  been  utilized  by  the  body.  The  subject  had 
really  lived  on  fat  15  grm.,  carbohydrates  540  grm.  (and  cellulose 
7  grm.).  The  feces  contained  no  less  than  3*46  nitrogen.  If  we 
reckon  the  whole  of  this  as  proteid,  this  would  give  22  grm.  of 
undigested  proteid,  so  that  there  had  been  a  waste  of  41  p.c.  of 
the  proteids,  leaving  only  32  grm.  available  for  real  use  in  the 
body ;  and  indeed  a  very  small  portion  only  of  this  nitrogen  can 
be  regarded  as  really  discharged  from  the  body  itself.  The  total 
solids  of  the  faeces  must  be  reckoned  as  partly  excreta  but  chiefly 
undigested  food.  If  we  regard  the  75  grm.  of  solid  feces  as 
entirely  undigested  food,  the  whole  solid  food  available  for  the 
body  must  be  reduced  from  719  grm.  to  644  grm. 

The  urine  of  the  day  contained  5'33  grm.  nitrogen ;  this  added 
to  the  3*46  grm.  nitrogen  in  the  faeces  gives  8*79  grm,  nitrogen 
in  the  total  egesta  as  compared  with  the  8*4  grm.  nitrogen  of  the 
food,  indicating  a  slight  loss  of  nitrogenous  material  from  the 
body ;  but  if  we  suppose  that  all  the  nitrogen  in  the  faeces  was  not 
in  the  form  of  undigested  food  we  may  neglect  this ;  and  indeed 
the  subject  of  the  observation  was  in  apparently  good  health  and 
stationary  weight. 

Compared  with  either  of  the  normal  diets  given  in  §  650  the 
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above  diet  is  striking  for  the  low  amount  of  proteids  and  of  fiEtts 
and  the  relative  excess  of  carbohydrates.  But  though  such  a  diet 
may  be  taken  as  perhaps  fairly  typical  of  the  daily  food  of  a  rigid 
vegetarian,  a  much  more  richly  proteid  diet  may  be  obtained  fiSm 
sources  still  strictly  vegetable.  Thus  the  diet,  entirely  vegetable 
in  nature,  of  an  average  Japanese  labourer  of  about  the  same 
weight  as  the  individual  whose  data  we  have  just  given  has  been 
estimated  to  consist  of  Proteids  102  grm.,  Fat  17  grm.,  Carbohydrates 
578  grm.  And  the  diet  of  a  Roumanian  peasant,  living  chiefly  on 
beans  and  maize  with  the  addition  of  fiit  of  some  kind,  has  been 
ciilculated  to  furnish  no  less  than  Proteids  182  grm.,  Fat  93  grm., 
Carbohydrates  968  grm. ;  but  the  real  nutritive  value  of  such  a 
diet  must  need  very  large  correction  indeed.     Cf.  §  552. 

The  examination  of  the  diet  of  an  individual  living  with  a  fidr 
nitrogenous  equilibrium  and  apparently  good  health  on  a  modified 
vegetable  diet,  that  is  to  say  one  which  included  milk  and  eggs, 
gave  the  following :  Proteids  74  grm.,  Fat  58  grm.,  Carbohydrates 
490  grm.,  a  diet  which  differs  from  the  normal  diet  almost  solely 
in  the  lesser  amount  of  proteids,  one  third  of  which  bv  the  bye 
was  supplied  by  the  animal  material,  eggs*Ttnd  milk.  In  another 
instance,  nitrogenous  equilibrium  and  fairly  good  health  were 
secured,  for  some  weeks  at  all  events,  on  a  vegetable  diet  yielding 
Proteids  about  100  grm..  Fats  70  grm..  Carbohydrates  400  grm. ;  but 
in  this  nearly  the  whole  of  the  fat  was  furnished  by  the  animal 
product  butter,  and  Liebig's  extract  was  freely  used. 

Confining  ourselves  however  to  the  more  strictlv  vegetarian 
diet,  we  may  conclude  in  the  first  place  that,  unless  the  daily  food 
be  very  large  in  amount,  the  proteid  element  of  such  a  diet  falls 
considerably  below  the  100  or  more  grm.  given  in  the  normal  diet. 
But  we  cannot  authoritatively  say  that  such  a  reduction  is  neces- 
sarily an  evil ;  for  as  we  stated  above,  S  550,  our  knowledge  will 
not  at  present  permit  us  to  make  an  authoritative  exact  statement 
as  to  the  extent  to  which  the  proteid  may  be  reduced  without 
disadvantage  to  the  body  when  accompanied  by  adequate  provision 
of  the  other  elements  of  food;  and  this  statement  holds  good 
whether  the  bodv  be  undertaking  a  small  or  large  amount  of 
labour.  A  second  feature  of  such  a  diet  is  the  marked  reduction 
of  the  fat  and  its  replacement  by  carbohydrates.  Although  here 
again  we  cannot  make  a  distinctly  authoritative  statement,  the 
evidence  which  we  possess  bears  clearly  in  the  direction  that  such 
a  reduction  is  a  marked  disadvantage.  A  third  and  very  charac- 
teristic feature  of  the  strictly  vegetarian  diet  is  the  relatively  large 
amount  of  undigested  food  lost  to  the  body  and  dischanred  as 
faeces.  Even  when  the  diet  is  scanty,  so  that  the  proteid  element 
is  low,  the  amount  of  faeces  relatively  to  the  total  food  is  high ; 
and  when  a  more  normal  proteid  contribution  is  secured  by  ample 
meals  the  faeces  become  exceedingly  voluminoua  Indeed  when, 
leaving  man,  we  compare  the  herbivorous  with  the  carnivorous 
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mammal,  we  find  that  the  former  is  almost  as  clearly  distin^ished 
fix)m  the  latter  by  its  frequent  and  abundant  faeces  as  by  the 
anatomical  features  of  its  organization.  We  have  already  urged 
that,  since  the  faeces  serve  as  a  means  of  excretion  of  the  real 
waste  products  of  metabolism,  a  certain  amount  of  vehicle  to 
carry  these  away  is  of  advantage  or  even  necessary ;  but  there  are 
no  facts  at  present  known  to  us,  which  shew  that  the  larger 
intestinal  current  of  the  purely  vegetable  diet  effects  any  such 
good  as  can  compensate  for  the  obvious  waste  of  labour  incurred 
in  its  transport  and  management,  to  say  nothing  of  the  opportuni- 
ties of  mischief  offered  by  a  mass  of  material  more  subject  to  the 
dominion  of  foreign  organisms  than  even  to  that  of  the  body 
itself,  though  these  opportunities  are  less  than  with  a  corresponding 
mass  of  ammal  origin.  With  respect  to  these  three  features  then, 
the  strictly  vegetarian  diet  seems,  on  physiological  grounds  inferior 
to  one  of  a  mixed  nature.  There  are  as  we  said  other  aspects, 
still  of  a  strictlv  physiological  kind,  to  be  considered,  such  as  the 
relative  digestibility  of  vegetable  articles  of  food,  the  relative 
metabolic  value  of  the  fooa-stufl&  of  vegetable  origin,  and  the 
influence  of  animal  extractives ;  but  any  fuller  discussion  of  these 
points  would  be  out  of  place  here. 

§  564.  We  have  treated  the  diet  discussed  above  as  a  normal 
diet,  suitable  for  man  under  ordinary  or  general  circumstances. 
Ought  such  a  diet  to  be  modified  for  the  various  exigences  of  life 
such  as  labour,  age,  climate,  and  the  like  ? 

We  shall  discuss  the  influence  of  age  in  the  concluding  portions 
of  this  work. 

We  may  be  inclined  at  flrst  sight  to  assume  that  the  total 
amount  of  the  diet  should  vary  with  the  weight,  that  is  the 
size  of  the  individual;  and  indeed  in  discussions  on  nutrition, 
statements  concerning  metabolism  and  amount  of  food  are  often 
given  in  terms  of  per  kilo  of  body  weight.  In  a  broad  sense  it 
may  be  true  that  a  small  man  needs  less  food  than  a  large  one ; 
but  it  must  be  remembered  that,  as  we  saw  in  speaking  of  animal 
heat,  the  smaller  organism,  having  the  relatively  larger  surface, 
carries  on  a  more  rapid  metabolism  per  unit  of  body  weight, 
and  so  needs  relatively  more  food.  And  moreover  the  influence 
of  size  is  probably  far  less  than  the  influence  exerted  by  the 
inborn  individual  characters  of  the  organism,  giving  rise  to  what 
we  may  call  the  personal  equation  of  metabolism.  The  smaller 
metabolism  of  woman,  leading  to  the  use  of  a  scantier  diet,  as 
compared  with  that  of  man,  is  to  be  regarded  in  this  light  rather 
than  with  reference  to  the  average  lesser  weight  of  woman.  The 
relative  metabolism  of  the  two  sexes  may  be  illustrated  by  the 
case  of  an  active  man  and  his  wife,  both  of  about  the  same  age 
and  weight,  the  man  being  rather  the  heavier  and  the  woman 
rather  the  older,  who,  in  carrying  out  together  an  experiment  on 
the  relative  values  of  vegetaole  and  animal  food,  both  lived  for 
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some  time  on  the  same  kind  of  diet,  and  found  that  nutritive 
equilibrium  was,  in  the  one  case  and  in  the  other,  maintained  when 

ProteidB.  Fats.         Carbohydrates. 

The  man  consumed  daily  about    100  70  400 

The  wife        „  „        „  60  67  340 

The  most  striking  difference  is  in  the  proteida 

§  565.  With  regard  to  climate  the  chief  considerations 
attach  to  temperature.  When  the  body  is  exposed  to  a  low 
temperature  the  general  metabolism  of  the  Ixxly  is  increased 
owing  to  a  regulative  action  of  the  nervous  system,  §  534.  We 
might  infer  from  this  that  more  food  is  necessary  in  cold  climates ; 
and,  since  the  increase  in  the  metabolism  appears  to  manifest 
itself  chiefly  in  a  greater  discharge  of  carbonic  acid  and  therefore 
to  be  especially  a  carbon  metabolism,  we  might  infer  that  the 
carbon  elements  of  food  should  be  especially  increased.  When 
the  body  is  exposed  to  high  temperatures  the  same  reflex 
mechanism  tends  to  lowet  the  metabolism;  but  the  effects  in 
this  direction  are  much  less  clear  than  those  of  cold,  and  soon 
reach  their  limits ;  the  bodily  temperature  is  maintained  constant 
under  the  influence  of  surroundmg  warmth  not  so  much  by 
diminished  production  as  by  increased  loss.  We  may  infer  from 
this  that  in  warm  climates  not  less  but  if  anything  rather  more 
food  than  in  temperate  climates  is  necessary  in  order  to  supply 
the  perspiration  needed  for  the  greater  evaporation  and  discharge 
of  heat  by  the  skin. 

In  both  cold  and  warm  climates  however  man  trusts  much 
more  to  variations  in  his  clothings  and  immediate  surroundings  to 
protect  him  against  cold  or  to  guard  him  from  heat  than  to  any 
marked  variations  in  his  normal  diet  In  the  former  he  may 
perhaps  be  expected  to  eat  somewhat  more,  since,  in  spite  of 
wrappings,  his  skin  still  feels  in  part  the  cold,  and  thus  the 
nervous  mechanism  for  the  increase  of  metabolism  is  to  a  certain 
extent  set  to  work.  And  since  the  metabolism  thus  increased 
appears  to  affect  especially  the  carbon  of  the  body,  he  may  further 
be  expected  to  increase  the  fats  rather  than  the  carbohydrates  of 
his  food  seeing  that  the  former  supply  him  with  the  most  enerfify 
for  their  weight.  But  it  is  very  doubtful  whether  what  he  might 
thus  be  expected  to  gain  over  a  corresponding  increase  in  carbo- 
hydrates is  not  more  than  counterbalanced  by  the  increased  labour 
of  digestion;  and  the  habits  of  the  dwellers  in  arctic  climates 
cannot  safely  be  taken  as  guides  in  this  matter,  for  their  reputed 
love  of  fat  is  probably  the  result  of  that  being  their  most  available 
form  of  carbon.  Indeed  the  evidence  that  the  increase  of  meta- 
bolism provoked  by  cold  bears  exclusively  on  carbon  constituents 
is  so  uncertain  that  it  may  be  doubted  whether  any  change  in 
the  normal  diet,  beyond  some  increase  in  the  whole,  should  be 
made  to  meet  a  cold  climate.     Similar  reasons  would  lead  one 
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to  infer  that  man  in  the  warmer  climate  would  maintain  on 
the  whole  the  same  normal  diet,  the  only  change  perhaps  being  to 
increase  it  slightly,  possibly  throwing  the  increase  chiefly  on  the 
carbohydrates  witn  the  special  view  of  furthering  perspiration. 

§  566.  A  special  diet  for  the  purpose  of  fattening,  that  is  to 
say  for  the  accumulation  of  adipose  tissue  out  of  proportion  to  the 
rest  of  the  body,  is  not  needed  m  the  case  of  man.  The  power  to 
store  up  fat  in  adipose  tissue  is  much  more  dependent  on  certain 
inborn  qualities  of  the  organism  which  we  cannot  at  present  define 
than  on  the  kind  of  food ;  of  two  bodies  living  on  the  same  diet, 
and  under  the  same  circumstances,  one  will  become  fat  while  the 
other  will  remain  lean ;  and  it  is  an  object  of  the  agriculturist  to 
develope  by  breeding  and  selection  a  "constitution"  which  will  store 
up  the  most  fat  on  the  cheapest  diet.  In  fattening  animals,  the 
chief  care,  when  the  selection  of  the  kind  of  animal  has  been 
made,  is  to  provide  adequate  carbohydrate  food,  which  as  we  haye 
seen  is  the  chief  fattener ;  and  the  oDJect  of  the  farmer  in  rearing 
stock  for  the  butcher  is  mainly  to  concert  cheap  vegetable  carbo- 
hydrate into  dear  animal  fat.  Further  aids  in  fattening  may  be 
foimd  in  providing  repose  for  the  body  of  such  a  kind  that,  while 
sufficient  energy  is  expended  to  secure  adequate  digestion  and 
absorption  of  food,  all  causes  leadiug  to  an  increase  of  metabolism, 
by  which  energy  is  set  free  and  leaves  the  body,  are  avoided  as 
much  as  possible. 

To  avoid  fat  rather  than  to  increase  it  is  often  an  object  of 
Jiuman  care.  This  may  be  effected  by  diminishing  fats  and 
carbohydrates,  but  also,  in  a  very  marked  manner,  by  relatively 
increasing  the  proteids.  Froteid  food  as  we  have  seen  auraients 
the  whole  metabolism  of  the  body,  hurrying  on  the  destruction  not 
only  of  proteid  but  of  carbon  food ;  and  a  tendency  to  corpulency 
may  be  counteracted  by  a  diet  in  which  fats  and  carbohydrates 
are  much  restricted,  and  proteids  are  largely  increased.  When, 
as  in  what  is  known  as  the  Banting  method,  the  diet  is  almost 
exclusively  proteid,  the  nitrogenous  overwork  entails  dangers  on 
organisms  which  do  not  possess  the  power  of  ridding  themselves 
freely  of  the  large  amount  of  nitrogenous  waste  which  such  a  diet 
produces.  A  less  severe  method  in  which  the  fats  and  carbo- 
hydrates are  diminished  only,  not  entirely  done  away  with,  and 
the  proteids  only  moderately  increased,  is  less  open  to  objection ; 
and  such  a  diet,  assisted  by  other  hygienic  conditions,  has  proved 
successful. 

An  increase  of  daily  food,  largely  proteid  in  nature,  giyen 
under  circumstances,  such  as  a  large  amount  of  passive  exercise 
and  skin  stimulation,  known  as  'massage',  which  will  not  only 
favour  digestion  but  also  promote  metabolism  in  general,  may  be 
given,  with  favourable  resulta  In  this  way,  an  enormous  metabo- 
lism may  be  excited,  and  yet  so  carried  on  that  the  body  gains 
both  in  flesh  and  in  fat.    Thus,  in  one  case,  the  patient  mm  an 
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initial  weight  of  45  kilos,  and  a  daily  nitrogenous  metabolisnii 
calculated  as  28  grm.  proteid,  reached  in  the  course  of  about 
50  days  a  weight  of  60  kilos,  the  daily  nitrogenous  metabolism 
being  raised  on  one  occasion  to  182  grm.  proteid,  with  an  average 
on  the  whole  period  of  150  grm.  During  the  treatment  no  less 
than  8420  grm.  of  proteid  were  taken  as  food. 

§  557.  With  regard  to  labour,  since  as  we  have  seen  the 
energy  expended  as  work  done  is  not  taken  out  of  and  away  fix>m 
the  amount  set  free  as  heat,  the  two  forms  of  energy  being  so 
related  that  an  increase  of  work  done  is  accompanied  by  a  greater 
or  less  increase  of  heat  set  free,  it  is  obvious  that  a  man  who  is 
doing  a  hard  day's  muscular  work  needs  a  larger  income  of  energy 
for  the  day  than  does  an  idle  man.  What  we  have  learnt 
concerning  muscular  metabolism  further  shews  us  that  the 
additional  energy  needed  is  not  necessarily  to  be  supplied  by 
an  increase  in  the  proteid  components  of  the  diet ;  the  energy  of 
muscular  contraction  does  not  come  as  was  once  thought  from 
proteid  metabolism  (§  529).  The  fact  that  it  is  the  carbon 
metabolism  which  is  augmented  in  muscular  work  may  suggest 
that  the  extra  food  for  extra  work  should  be  exclusively  caroon 
compounds;  and  if,  as  seems  probable,  the  carbohydrates  are 
more  readily  and  directly  available  for  the  functional  metabolism 
of  muscle  than  are  the  fats,  we  might  be  further  led  to  recom- 
mend an  increase  in  carbohydrates  to  form  a  diet  especially 
suited  for  labour.  But  several  considerations  should  make  us 
hesitate  before  we  come  to  such  a  conclusion.  A  muscle  is  not 
a  machine  within  the  body  which  can  be  loaded  and  fired  off 
irrespective  of  the  rest  of  the  body.  In  the  performance  of 
muscular  labour,  the  condition  of  the  muscle,  the  amount  of 
energy  available  in  the  muscle  itself,  is  of  course  of  prime  im- 
portance; but,  and  this  perhaps  especially  holds  good  in  severe 
labour,  of  great  importance  also,  we  might  almost  say  of  no  less 
importance,  is  as  we  have  urged  (§  390)  the  power  of  the  body 
as  a  whole  to  avail  itself  of  the  energy  latent  in  the  muscle. 
The  power  of  doing  work  hangs  not  on  the  muscle  alone,  but  on 
the  heart,  the  lungs,  the  nervous  system  and  indeed  on  the  whole 
body.  It  is  very  doubtful  whether  we  ever,  even  in  supreme 
efforts,  draw  upon  more  than  a  portion  of  the  capital  of  energy 
lodged  in  the  muscle  itself ;  fatigue  is  far  more  a  nervous  than  a 
muscular  condition,  and  even  the  distinctly  muscular  fatigue  is  as 
we  have  seen  (§  86)  piirtly  at  least  the  result  of  the  accumulation 
of  products  and  not  alone  the  using  up  of  available  energy.  In 
choosing  a  diet  for  muscular  labour  we  must  have  in  view  not  the 
muscle  itself  but  the  whole  organism.  And  though  it  is  possible 
that  future  research  may  suggest  minor  changes  in  the  various 
components  of  a  normal  diet  such  as  would  lessen  the  strain  during 
labour  on  this  or  that  part  of  the  body,  on  the  muscles  as  well  as 
on  other  organs,  our  present  knowledge  would  rather  lead  us  to 
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conclude  that  what  is  good  for  the  organism  in  comparative  rest  is 
good  also  for  the  organism  in  arduous  work,  that  the  diet,  normal 
for  the  former  condition,  would  need  for  the  latter  a  limited  total 
increase  but  no  striking  chancre  in  its  composition.  In  preparing 
the  body  for  some  commg  arduous  labour  in  "training  '  as  it  is 
called,  an  increase  of  proteid  food,  for  the  purpose  of  hurrying  on 
the  general  metabolism  of  the  body,  and  thus  of  making  'new 
flesh  and  renovating  the  body,  so  to  speak,  in  view  of  the  strain 
to  be  put  upon,  may  perhaps  suggest  itself;  but  even  this  is 
doubtful. 

The  principles  of  such  a  conclusion  with  regard  to  muscular 
work  may  be  applied  with  still  greater  confidence  to  nervous  or 
mental  work.  The  actual  expenditure  of  energy  in  nervous  work 
is  relatively  small,  but  the  indirect  influence  on  the  economy  is 
very  great.  The  closeness  and  intricacies  of  the  ties  which  bind 
all  parts  of  the  body  together  is  very  clearly  shewn  by  the  well 
known  tendency  of  so  called  brain  work  to  derange  the  digestive  and 
metabolic  activities  of  the  body ;  and  if  there  be  any  diet  especially 
suited  for  intellectual  labour  it  is  one  directed  not  in  any  way 
towards  the  brain,  but  entirely  towards  lightening  the  labours  of 
and  smoothing  the  way  for  such  parts  of  the  body  as  the  stomach 
and  the  liver. 
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